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The majority of errors in laboratory medicine occur in the pre- and postanalytical
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phases of the testing process. Although the causes of these errors are largely com-
mon to all laboratory medicine specialties, it is important for the haematology labora-
tory to understand the particular impact of some on automated counting. The
preanalytical phase is the stage of greatest risk but preanalytical errors may go unde-
tected until postanalytical validation and interpretation. The challenges in the posta-
nalytical phase include the standardisation of reference intervals against which
results can be interpreted and the impact of just a small difference in reference inter-
val for a key analyte such as haemoglobin concentration. Quality indicators against
which pre- and postanalytical error incidence are measured are a source of informa-
tion that can be used to improve services but laboratories struggle to collect good
quality data.
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1 | INTRODUCTION

for the patient and, in some cases, a missed opportunity for diagno-
sis or screening if the specimen cannot be retaken. Errors that go

Much of the improvement in the quality of laboratory testing in re-
cent decades has focused on what happens to the specimen during
the analytical or laboratory testing phase, which lends itself to stan-
dardised processing, statistical internal quality control (IQC) and ex-
ternal quality assessment or proficiency testing (EQA/PT). There is a
substantial body of evidence that the remaining areas for improve-
ment in laboratory medicine-related error rates are in the preanalyt-
ical and, to a lesser extent, the postanalytical phases. Although the
overall error rate in laboratory medicine is relatively low compared
to other areas of medicine,* a key examination of laboratory errors in
a stat laboratory in Italy showed that 62% of errors were the result
of events in the preanalytical phase, before the specimen reaches
the laboratory bench, and a further 23% after testing is complete;
figures that were similar to those from 10 years earlier.? The impact
of these errors may be significant. If the error is detected before the
result is issued, for example through delta checking or a change in a
genetically-determined factor (such as an ABO blood group), it may

cause a delay in diagnosis or treatment, inconvenience and anxiety

undetected may result additionally in an incorrect or missed diag-
nosis, unnecessary investigation or treatment and endanger patient
safety. A lack of attention to preanalytical errors and a focus just on
quality in the analytical phase has potential for patient harm, and all
laboratory medicine errors are a drain on healthcare resources. The
gap between the proportions of analytical and extraanalytical error
rates has been described as an “Iceberg of Errors”,* which should be
accounted for as part of measurement uncertainty.’ This article will
review some of the sources of error in the pre- and postanalytical
phases in haematology, with particular emphasis on their impact in

automated cell counting.

2 | THE TOTAL TESTING PROCESS IN
LABORATORY MEDICINE

Diagnostic testing falls into three broad phases that make up
the total testing process (TTP): the preanalytical phase, or what
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happens to the specimen prior to analysis, the familiar analytical
phase and the postanalytical phase, which includes interpretation
and reporting of the result obtained. Lundberg described the TTP
in terms of a “brain-to-brain” loop of nine steps from the brain of the
requesting physician through test ordering, specimen collection,
identification (specimen and patient), transportation, preparation,
analysis and concluding with the return of the result to the request-
ing physician.® Later, additions to this model added interpretation
(by both the laboratory and the requesting physician) and reporting
of the result to the patient (action),” which have been described as
a post-postanalytical phase. Lundberg has also suggested that the
process should be extended to require an assessment of the effec-
tiveness of the testing in terms of public good or improvement in
public health.®

The concept of the pre-preanalytical phase has also been intro-
duced to the TTP, although the differentiation between this and the
preanalytical phase is variable. The pre-preanalytical phase has been
described as the stage in which the requesting physician formulates
the appropriate question upon which the test request is based and
selects the tests to be undertaken.” Plebani'® on the other hand de-
scribes the pre-preanalytical phase as being all the steps that occur
prior to receipt of the specimen by the laboratory (ie test requesting,
patient identification, specimen collection and transport) with the
preanalytical phase being the processes such as numbering, verifica-
tion, centrifugation and separation, which occur as part of the prepa-
ration of the material for analysis within the laboratory.

The proportion of errors in each phase of the TTP, as described
by Plebani,10 is shown in Table 1.

In a comprehensive review of quality indicators in laboratory
medicine, Shahangian and Snyder*! identified six stages in the TTP
with a total of fourteen possible quality indicators, related to the
Institute of Medicine (loM) health care domains. The six stages are
(a) test ordering, (b) patient identification and specimen collection,
(c) specimen identification, preparation and transport, (d) analysis,
(e) reporting and (f) interpretation and action. Although there are
similarities in the description of the TTP phases and the quality indi-
cators, the lack of standardisation in both the number of indicators
and the terminology used in the TTP has the potential to confound

data collection and error monitoring.

TABLE 1 Estimated proportions of

errors in the phases of the total testing
: 10

process (TTP), as defined by Plebani TTP phase

Pre-preanalytical

Preanalytical

Analytical

Postanalytical

Post-postanalytical

Laboratory Hematology

Other potential sources of extraanalytical error in laboratory
medicine have been suggested, for example lack of financial and
staff resources, lack of standardisation and poor organisation of ser-
vices” although these aspects may be better monitored as part of the
accreditation of the management competence of an organisation to
provide a clinical diagnostic service. The ISO 15189: 2012 Medical
laboratories—Requirements for quality and competence standard
requires laboratories to take a responsibility for the TTP and to
demonstrate a process for monitoring errors and nonconformances
outside the analytical phase.

The incidence of diagnostic errors is difficult to assess and
may be underestimated'?; it has been suggested that 12 million
adults annually in the United States of America suffer a diagnostic
error, half of which are significant.’® Errors that directly affect the
diagnosis, treatment or advice given to a patient, for example an
incorrect ABO blood group, an incorrect genetic test outcome, an
incorrectly identified infectious agent or an incorrect cellular pa-
thology assessment have a clear and possibly catastrophic impact
on patient safety. Much more difficult to detect are those that re-
sultin a clinically unnoticed quantitative error, for example a patient
or specimen identification error that leads to the transposition of
one normal complete blood count (CBC) result for another, which
may not cause patient harm but will lead to the underestimation of
the actual error rate and the loss of the opportunity for root cause

analysis.

3 | THE PREANALYTICAL PHASE: FROM
THE PATIENT TO THE LABORATORY BENCH

Errors in test selection and ordering, patient identification and
specimen labelling are pan-disciplinary and will not be discussed
in this manuscript with particular reference to haematology. The
magnitude of these errors in terms of best use of healthcare re-
sources and potential for patient harm is applicable in all labora-
tory medicine specialties. The authors would support, however,
an approach to specimen identification and labelling similar to
that used to resolve “wrong blood in tube” incidents in blood

transfusion.*

Estimated
proportion of

Examples of error errors

Test ordering, patient identification, patient 46%-68%
preparation, sample collection, sample quality,

transportation, storage

Sample sorting, centrifugation, labelling, 3%-5%
separation
Sample analysis 7%-13%

Validation, interpretation, turnaround time, 13%-20%

critical value reporting
Interpretation, delayed reaction, lack of 25%-46%
follow-up or referral
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3.1 | Patient preparation

Physical activity has been identified as an important preanalytical
variable,"> and the European Federation of Laboratory Medicine
(EFLM) advises that patients abstain from excessive or unaccus-
tomed exercise for 24 hours prior to routine phlebotomy.*® An in-
crease in the white blood count (WBC), neutrophil count, platelet
count, red cell fragmentation and platelet activation has been re-
ported post-marathon running.” Sustained exercise produces an
increase in plasma volume (PV),*® which may lead to a decrease in
haemoglobin (Hb), red blood cells (RBC) and haematocrit (Hct) in
athletes in training programmes. The status of the patient, there-
fore, needs to be understood in the interpretation of results against
standard reference intervals. Since the physiological response to ex-
ercise will be affected by the physical fitness of the individual, it is
important to distinguish between the effects of sustained training
from episodes of unaccustomed, intense exercise in an otherwise
sedentary individual }*?°

Patient posture has for some time been implicated in variation
in the CBC.?! The EFLM recommendation is that patients should
rest for fifteen minutes in a seated position prior to phlebotomy as a
standardised approach to phlebotomy procedures‘16 The impact of
posture is as a result of changes in PV from the supine to the upright
position and the consequence of this on Hb, cell counts and Hct.
The potential clinical impact of postural changes in the CBC when
assessing a patient is illustrated by a spurious case of anaemia in a
patient without blood loss or intravenous infusion that resulted from
changes in posture between consecutive blood samples. In this case,
the author described a 10%-15% reduction in Hb, Hct, WBC and
platelet count after the patient had been lying down for two hours,
in comparison to an earlier specimen, taken without rest, immedi-

ately after she had presented at the Emergency Department.??

3.2 | Specimen collection and specimen quality

Clotted specimens are the most common reason for rejection for
automated counting and coagulation. In a large study in China of a
total of approximately 10 million haematology samples collected,
57% of the 11 000 rejections were due to specimen clotting,?® and
similar proportions (43%-51%) of specimen rejections because of
clotting have been reported in a number of other studies. This high
rate of clotted samples is mainly the result of poor phlebotomy and
inadequate specimen mixing postcollection. Training of phlebotomy
staff and standardisation of phlebotomy practice has been shown to
improve specimen quality.24

Contamination with infusion fluids when specimens are taken
close to an infusion site may be a cause of spurious anaemia and
abnormal coagulation test results. Erroneous Hb results from sam-
ples taken from a “drip” arm have been implemented in the deaths of
patients following unnecessary blood transfusion.?> Venous stasis of
just one to three minutes during venepuncture has also been shown
to have an adverse effect on CBC results, leading to an increase

in Hb, Hct and RBC.?® The use of vein-mapping or visualisation

technology with the use of infra-red light overcomes the need for a
tourniquet to locate a vein.t®

The anticoagulant of choice for CBC analysis is the di- or tri-
potassium salt of ethylenediaminetetraacetic acid (EDTA), with a
preference for K,EDTA although alternatives (eg magnesium sul-
phate, MgSO,) may be better for some platelet parameters.?” The
order of draw of specimen types may not affect automated count-
ing results; however, there is a risk of contamination of chemis-
try and clotting specimens with EDTA and potassium if the CBC
specimen is taken first. EDTA tubes have a fixed fill volume that
gives the optimum concentration of anticoagulant and both under
or overfilling can be a cause of erroneous CBC results. Overfilling
the sample risks inadequate mixing prior to testing and may be
a cause of a pseudopolycythaemia, pseudothrombocytopenia
and pseudoleucopenia, even though the sample is not clotted.?®
Underfilled tubes will result in an increased concentration of
EDTA, which may cause platelet volume change529 and an excess
of K,EDTA has been suggested as a cause of spurious reduction in
WBC.%% More recent work has suggested that underfilled K,EDTA
tubes are acceptable for automated counting with just 1.0 mL of
blood in a 4 mL tube; however, this work only looked at blood
from healthy individuals and one type of analyser.31 The brand of
K,EDTA tube has been shown to be clinically relevant source of
variation in mean cell volume (MCV), Hct and platelet distribution
width (PDW).%2 Underfilled specimens may also indicate a difficult
venepuncture, which in itself may cause platelet activation, plate-
let swelling and problems with coagulation testing.

There is little evidence that a raised bilirubin causes interfer-
ence in the CBC unless at very high concentration (greater than
250 mg/L); however lipaemia, for example in a patient on parenteral
nutrition, with lipid disorders or post a heavy meal, may affect the
platelet and WBC counts as a result of the presence of lipid droplets
and may cause sufficient turbidity in the sample to interfere with the
Hb?° (and some other tests, eg the sickle solubility test). The degree
of impact may depend upon the type of haematology analyser and
the laboratory scientist must be familiar with these confounding fac-
tors with their laboratory's technology.

Artificially induced, moderate-to-high haemolysis has been
shown to produce a decrease in RBC and Hct and an increase in
mean cell haemoglobin (MCH) and platelet count, related to the
degree of haemolysis.>® A major cause of potential haemolysis
during specimen collection arises from sample collection through
intravenous (IV) catheters. Haemolysis in serum samples taken
through IV catheters has been estimated at 29% compared to
1% when a sample is taken by straight needle venepuncture.34
Similar effects may be seen in patients with severe burns or other
conditions with a significant increase in red cell fragmentation or
microspherocytes.

3.3 | Specimen transport and preparation

All CBC specimens ideally should be analysed within 6 hours of
collection, especially where blood cell morphology is required.®>
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Prolonged storage of CBC specimens is a well-recognised cause of
an elevated MCV and will also result in morphological changes in
the WBC and RBC. Excessive heat or freezing will also render CBC
specimens unsuitable for testing. In general, however, time-critical
results are defined in haematology in the context of the patient's
clinical background, for example WBC and platelet counts in oncol-
ogy patients, Hb following major blood loss.

There has been debate on the possible impact of pneumatic tube
systems (PTS) for specimen delivery on sample quality in blood sci-
ences. PTS delivery has been shown to have minimal or no effect
on haematology, coagulation and chemistry results with the excep-
tion of patients known to be cytopenic, for example on chemother-
apy, where a reduction in an already low platelet count has been
reported.3¢

If analysis is delayed, samples are better stored at 2-8°C but this
is not advised where the patient is known to have cold agglutinins,
which will cause clumping of the red cells and a consequent false ele-
vation of the MCV, reduced RBC and increased mean cell haemoglo-
bin concentration (MCHC).>” Although haematology analysers with
prewarmed reagents may reduce the impact of cold agglutinins, it is
not advised to warm the specimens after collection but to re-bleed
the patient and keep the specimen warm from the time it taken until
it is analysed to ensure an accurate result.?°

Other than sample reception and verification, there are few
preparation steps for CBC specimens, with the exception of ade-
quate mixing prior to analysis. As discussed earlier, this may be hin-
dered by an overfilled specimen.

Table 2 summarises the major confounding factors in the prean-
alytical phase in terms of the complete blood count.

4 | THE POSTANALYTICAL PHASE:
FROM THE LABORATORY BENCH TO THE
REQUESTING PHYSICIAN

For the purpose of this manuscript, the challenges of test validation
and interpretation in the laboratory will be considered rather than
report turnaround times and appropriate follow-up by the request-

ing physician.

4.1 | Test validation

Modern automated haematology analysers are complex items
of diagnostic equipment able to flag the presence of a potentially
spurious result for review and investigation, for example by repeat
testing, reflex testing or verification of findings by the microscopic
examination of a blood film. The use of delta checks as part of re-
sult validation is an important “safety net” that may detect errors
in specimen identification and collection, for example specimens
diluted with infusion fluid, inadequate mixing due to sample over-
filling or with an undetected clot. MCV has been suggested as hav-
ing the highest positive predictive value of a number of parameters
for the identification of specimen mislabelling.38 Although spurious

Laboratory Hematology

haematology results usually arise from factors in the preanalytical
phase, they may only be detected at test validation in the postana-
lytical phase through a review of flags, histograms and scatterplots
prior to release of the result. Where more basic analysers that do not
supply these outputs are used, the user must be aware of the limita-
tions of the methodology and have appropriate backup procedures
for review and referral available.

The platelet count may be affected by factors in specimen col-
lection (eg clotting, platelet activation) or related to the individual
patient and their clinical condition. Once the latter are identified,
then the laboratory can be aware of the phenomenon for future
tests. In particular, the presence of EDTA-dependent pseudothrom-
bocytopenia, platelet satellitism, platelet clumping and the presence
of giant platelets have been cited as a cause of spurious thrombo-
cytopenia and may also interfere with the provision of an accurate
WBC.27%%4% As well as RBC fragments and microspherocytes, the
presence of cytoplasmic fragments in acute leukaemia, microor-
ganisms in sepsis, cryoglobulins and cryoprecipitates are potential
causes of a falsely elevated platelet count, although the extent to
which these factors may confound the result will depend on the
counting technology used.

Similar factors may interfere with counts of the other cellular
blood components: polymorphonuclear cell clumping, which occurs
in a small proportion of specimens taken into EDTA, will reduce the
total WBC and the neutrophil count.?%*! A falsely elevated WBC
may occur if platelet aggregates, large platelets, nucleated RBC,
lysis-resistant RBC and (as before) cryoglobulinaemia or cryoprecip-
itates are present, as these may be counted as WBC. The Hb and
RBC will be affected additionally by a very high WBC (eg greater
than 100 x 10?/L) and the RBC to a lesser extent by the presence of
giant platelets.

Because a number of reported red cell parameters are derived
by calculation, a spurious result in one of the directly measured an-
alytes (Hb, RBC, Hct and/or MCV, depending on manufacturer) may
affect the value of any calculated analyte.

4.2 | Reference intervals for test interpretation

The postanalytical interpretation of laboratory results relies on the
establishment of what is “normal” or expected, the definition of
which may be a statistically derived reference interval, a fixed cut-
off or an action point. The World Health Organization (WHO) rec-
ommends reference intervals for Hb concentration with a lower limit
of 130 g/L for the diagnosis of anaemia in adult males, whereas the
Centre for Disease Control (CDC) defines the lower limit of Hb con-
centration as 135 g/L. Although not great, a difference of 5 g/L in
the limit for the definition of anaemia may have a significant impact
on the numbers of patients diagnosed as anaemic and the conse-
quent rate of referrals to haematology clinics or the number of pa-
tients who may benefit from treatment but are missed. Using WHO
cut-offs for Hb concentration in women and children, 32.8% of
women worldwide are classified as anaemic and 41.7% of children.
Kassebaum has estimated the proportion of the world's population
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TABLE 2 Examples of potential sources of preanalytical errors in the automated complete blood count

Phase of testing Examples of sources of error

Preanalytical patient-specific
conditions

Cryoglobulinaemia

Cold agglutinins

Lipaemia

Extreme raised WBC

WABC fragments

Giant platelets

Microspherocytes

RBC fragments

Polymorphonuclear clumping
EDTA-dependent platelet satellitism

Patient preparation

Patient posture

Lipaemia (unfasted patient/postheavy meal)

Patient identification Wrong blood in tube

Sample identification Inadequate labelling

Sample collection and quality Incorrect anticoagulant

Excessive venous stasis
Contamination with infusion fluid
IV catheter collection
Inadequate mixing postcollection
Under/overfilled sample

Sample transportation Prolonged time in transit

Extremes of temperature in transit

Sample preparation

that is anaemic at 32.9%,* highlighting the impact that just a small
adjustment in the lower reference interval limit for Hb might have in
terms of the incidence of anaemia and the documented global bur-
den of disease.

A recent survey of practice showed a heterogeneous range of
lower limits of Hb concentration in practice in haematology labo-
ratories and in how they had been derived, indicating a need for
harmonisation.*> Harmonisation of reference intervals for core tests
such as Hb could standardise postanalytical interpretation, make
results more “portable” in an era of patient mobility, avoid confu-
sion amongst requesting clinicians and fit better with an increased
use of near-patient testing. Establishment of reference intervals
by conventional means entails direct testing of specimens from a
number of “healthy” individuals; in many cases, these may be prese-
lected from a limited age range, socio-economic status and ethnic-
ity. More recently, indirect methods for setting reference intervals
using an evaluation of patients’ data have been suggested as a better

approach towards harmonisation of ranges.** The use of harmonised

Unaccustomed or extreme physical exercise

Inadequate or excessive mixing prior to analysis

Potential for patient harm

Spurious cell counts, which may only be detected
at result validation or as a result of additional
testing

Increased WBC, neutrophil count, platelet count
Reduced RBC, Hb, Hct

Platelet activation

RBC fragmentation

Spurious Hb, RBC, Hct

Spurious Hb, WBC, platelet count

Misdiagnosis

Delayed testing

Rejection of sample leading to delayed testing
Rejection of sample leading to delayed testing

Spurious cell counts as a result of haemodilution/
haemoconcentration, haemolysis, excessive EDTA
concentration, inadequate mixing during analysis
or clots in the sample

Delayed reporting of time-critical results

Sample deterioration, especially for cell
morphology

Increased MCV, MPV

Haemolysed sample

Spurious cell counts

reference intervals for key analytes such as Hb will not preclude the
laboratory from producing local ranges for the purpose of validation
but will be a driver for improved traceability of patients’ results to
higher order reference materials and methods and potentially reduce

the variability in the postanalytical phase.

4.3 | Critical results reporting

A critical result is one so abnormal as to pose a threat to life unless
corrective action is taken promptly. The failure to identify and report
a critical result is a major postanalytical error. Review of the literature
shows a general consensus in the alert thresholds for haematology
results that pose a critical risk.* It is essential that each labora-
tory agrees a critical results action list with requesting physicians
and establishes clear lines of communication and responsibility for
critical results reporting. Recommendations from the International
Council for Standardization in Haematology (ICSH) have summarised

consensus critical limits for Hb, WBC and platelet counts, together
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with critical blood film findings of acute leukaemia (with more than
20% blast cells), acute promyelocytic leukaemia, thrombotic micro-

angiopathic anaemia, parasites and bacteria.*

5 | MANAGING WHAT WE STRUGGLE
TO MEASURE: MONITORING
EXTRAANALYTICAL ERRORS

In order to manage risk in diagnostic testing, the laboratory needs
to monitor where errors occur through the use of recognised and
standardised quality indicators (Qls). The International Federation of
Clinical Chemistry (IFCC) has published a number of standardised Qls
for all parts of the TTP.#’ Quality indicators have also been estab-
lished in Australia, New Zealand, the United States, Brazil, Spain and
the United Kingdom, and there are established extraanalytical error-
monitoring services offered through EQA/PT providers, for exam-
ple the College of American Pathologists Q-Probes system, the Key
Incident Management and Monitoring System (KIMMS) of the Royal
College of Pathologists in Australasia Quality Assurance Program
and the UK National External Quality Assessment Scheme's PREPQ
pre- and postanalytical quality monitoring service. A common finding
from error-monitoring services is that laboratories struggle to collect
data despite the general support for error reduction in the extraana-
lytical phases by the laboratory professions.*® Collecting good quality
data through the use of fewer, standardised indicators incorporated
into the laboratory information management system may be the way
forward. Monitoring alone is not effective in reducing errors® but
the information provided can be used at the interface between the
laboratory and the clinical user to provide education and/or tech-
nological solutions to correct the root cause.’® Experience from the
UK National External Quality Assessment Scheme's PREPQ pre- and
postanalytical quality monitoring service, established in 2014, has
shown that successful data collection is feasible but requires a cul-
ture within the laboratory that values and acts upon the pre- and
postanalytical data collected and has at least one committed indi-
vidual staff member with sufficient technical knowledge and interest
to develop systems to extract data from the laboratory information

management system (UK NEQAS, unpublished data).

6 | CONCLUSION

Healthcare is an activity associated with high risk, and medical
error is estimated to be the third leading cause of death in the
USA.’! The laboratory must manage the risk associated with er-
rors in the TTP in order to minimise the contribution of laboratory
medicine to this statistic. Many of the errors in the pre- and posta-
nalytical phases in haematology are shared with other specialties
but the haematologist must be aware of the confounding factors
that are peculiar to the art of automated cell counting. Although
the sources of error in the extraanalytical phases are recognised,
a consensus on the number and definition of the indicators to

Laboratory Hematology

monitor is still to be reached. The indicators currently established
may require further development to include a patient-centred
evaluation of errors and the use of risk-management principles to
reduce error rates through education of all staff involved in the
TTP. The laboratory must take responsibility for the “end-to-end”
management of quality, including corrective action to address the
root cause of error in the TTP, to ensure that patients and other

users have confidence in the services provided.

CONFLICT OF INTEREST

The author has no competing interests.

ORCID

Barbara De la Salle https://orcid.org/0000-0002-2926-7441

REFERENCES

1. Lippi G, Plebani M. A Six-Sigma approach for comparing diagnostic
errors in healthcare-where does laboratory medicine stand? Ann
Transl Med. 2018;6(10):180.

2. Carraro P, Plebani M. Errors in a stat laboratory: types and frequen-
cies 10 years later. Clin Chem. 2007;53(7):1338-1342.

3. Epner PL, Gans JE, Graber ML. When diagnostic testing leads to
harm: a new outcomes-based approach for laboratory medicine.
BMJ Qual Saf. 2013;22: ii6-ii10. pp.bmjgs-2012.

4. Plebani M. Exploring the iceberg of errors in laboratory medicine.
ClinChim Acta. 2009;404(1):16-23.

5. Garcia-Panyella M, Padro-Miquel A, Dot-Bach D, Fuentes-Arderiu
X. Pre-analytical variation of some haematological quantities. Clin
Chem Lab Med. 2008;46(8):1168-1170.

6. Lundberg GD. Acting on significant laboratory results. JAMA.
1981;245(17):1762-1763.

7. Plebani M, Laposata M, Lundberg GD. The brain-to-brain loop con-
cept for laboratory testing 40 years after its introduction. Am J Clin
Pathol. 2011;136(6):829-833.

8. Lundberg GD. The need for an outcomes research agenda for clini-
cal laboratory testing. JAMA. 1998;280(6):565-566.

9. Stroobants AK, Goldschmidt HMJ, Plebani M. Error budget calcu-
lations in laboratory medicine: linking the concepts of biological
variation and allowable medical errors. Clin Chim Acta. 2003;333(2):
169-176.

10. Plebani M. The detection and prevention of errors in laboratory
medicine. Ann Clin Biochem. 2010;47(2):101-110.

11. Shahangian S, Snyder SR. Laboratory medicine quality indicators: a
review of the literature. Am J Clin Pathol. 2009;131(3):418-431.

12. Graber ML. The incidence of diagnostic error in medicine. BMJ Qual
Saf. 2013;22: ii21-ii27. pp.bmjgs-2012.

13. Singh H, Meyer AN, Thomas EJ. The frequency of diagnostic errors
in outpatient care: estimations from three large observational stud-
ies involving US adult populations. BMJ Qual Saf. 2014;23:727-731.
pp.bmjgs-2013.

14. Bolton-Maggs PH, Wood EM, Wiersum-Osselton JC. Wrong blood
in tube-potential for serious outcomes: can it be prevented? Br J
Haematol. 2015;168(1):3-13.

15. Sanchis-Gomar F, Lippi G. Physical activity-an important preanalyt-
ical variable. Biochem Med (Zagreb). 2014;24(1):68-79.

16. Simundic AM, Boélenius K, Cadamuro J, et al. Joint EFLM-
COLABIOCLI Recommendation for venous blood sampling. Clin
Chem Lab Med. 2018;56(12):2015-2038.


https://orcid.org/0000-0002-2926-7441
https://orcid.org/0000-0002-2926-7441

176

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

International Journal of

DE LA SALLE

Laboratory Hematology

Kratz A, Wood MJ, Siegel AJ, Hiers JR, Van Cott EM. Effects of
marathon running on platelet activation markers: direct evidence
for in vivo platelet activation. Am J Clin Path. 2006;125(2):296-300.
Kargotich S, Goodman C, Keast D, Morton AR. The influence of
exercise-induced plasma volume changes on the interpretation of
biochemical parameters used for monitoring exercise, training and
sport. Sports Med. 1998;26(2):101-117.

Zandecki M, Genevieve F, Gerard J, Godon A. Spurious counts and
spurious results on haematology analysers: a review. Part I: plate-
lets. Int J Lab Haematol. 2007;29(1):4-20.

Zandecki M, Genevieve F, Gerard J, Godon A. Spurious counts and
spurious results on haematology analysers: a review. Part II: white
blood cells, red blood cells, haemoglobin, red cell indices and retic-
ulocytes. Int J Lab Haematol. 2007;29(1):21-41.

Lima-Oliveira G, Guidi GC, Salvagno GL, Danese E, Montagnana
M, Lippi G. Patient posture for blood collection by venipuncture:
recall for standardization after 28 years. Rev Bras Hematol Hemoter.
2017;39(2):127-132.

Lippi G, Cervellin G. Acutely developing, spurious anaemia without
actual blood loss. A paradigmatic case report. Biochem Med (Zagreb).
2017;27(2):421-425.

Ye Y, Wang W, Zhao H, et al. Haematology specimen acceptabil-
ity: a national survey in Chinese laboratories. Biochem Med (Zagreb).
2018;28(3):420-429.

Ashavaid TF, Dandekar SP, Khodaiji S, Ansari MH, Singh AP.
Influence of method of specimen collection on various preanalyti-
cal sample quality indicators in EDTA blood collected for cell count-
ing. Indian J Clin Biochem. 2009;24(4):356.

Stainsby D, Russell J, Cohen H, Lilleyman J. Reducing adverse
events in blood transfusion. Br J Haematol. 2005;131(1):8-12.

Lippi G, Salvagno GL, Montagnana M, Franchini M, Guidi GC.
Venous stasis and routine hematologic testing. Clin Lab Haematol.
2006;28(5):332-337.

MannuB S, Schuff-Werner P, DreiBiger K, Kohlschein P. Magnesium
sulfate as an alternative in vitro anticoagulant for the measurement
of platelet parameters? Am J Clin Pathol. 2016;145(6):806-814.
Pewarchuk W, VanderBoom J, Blajchman MA. Pseudopolycythemia,
pseudothrombocytopenia, and pseudoleukopenia due to overfilling of
blood collection vacuum tubes. Arch Pathol Lab Med. 1992;116(1):90-92.
Banfi G, Dolci A. Preanalytical phase of sport biochemistry and
haematology. J Sports Med Phys Fitness. 2003;43(2):223-230.
Goossens W, Van Duppen V, Verwilghen RL. K2-or K3-EDTA: the
anticoagulant of choice in routine haematology? Clin Lab Haematol.
1991;13(3):291-295.

Xu M, Robbe VA, Jack RM, Rutledge JC. Under-filled blood collec-
tion tubes containing K2EDTA as anticoagulant are acceptable for
automated complete blood counts, white blood cell differential, and
reticulocyte count. Int J Lab Haematol. 2010;32(5):491-497.
Lima-Oliveira G, Lippi G, Salvagno GL, et al. Brand of dipotassium
EDTA vacuum tube as a new source of pre-analytical variability in
routine haematology testing. Br J Biomed Sci. 2013;70(1):6-9.

Lippi G, Musa R, Avanzini P, Aloe R, Pipitone S, Sandei F. Influence
of in vitro hemolysis on hematological testing on Advia 2120. Int J
Lab Haematol. 2012;34(2):179-184.

Lippi G, Cervellin G, Mattiuzzi C. Critical review and meta-analysis
of spurious hemolysis in blood samples collected from intravenous
catheters. Biochem Med (Zagreb). 2013;23(2):193-200.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

50.

51.

Vives-Corrons JL, Briggs C, Simon-Lopez R, et al. Effect of
EDTA-anticoagulated whole blood storage on cell morphology
examination. A need for standardization. Int J Lab Haematol.
2014;36(2):222-226.

Koroglu M, Erkurt MA, Kuku I, et al. Assessing safety of pneumatic
tube system (PTS) for patients with very low hematologic parame-
ters. Med Sci Monit. 2016;22:1329.

Milevoj Kopcinovic L, Bronic A, Pavic M. Effect of cold agglutinins
on red blood cell parameters in a trauma patient: a case report.
Biochem Med (Zagreb). 2018;28(3):528-534.

Strathmann FG, Baird GS, Hoffman NG. Simulations of delta check
rule performance to detect specimen mislabeling using historical
laboratory data. Clin Chim Acta. 2011;412(21-22):1973-1977.
Nagler M, Keller P, Siegrist D, Alberio L. A case of EDTA-dependent
pseudothrombocytopenia: simple recognition of an underdiag-
nosed and misleading phenomenon. BMC Clin Pathol. 2014;14(1):19.
Bobba RK, Doll DC. Platelet satellitism as a cause of spurious
thrombocytopenia. Blood. 2012;119(18):4100.

Matsuo S, Fujishima A, Enomoto M, et al. A case of EDTA-induced
pseudo-neutropenia. Jpn J Clin Chem. 2016;45(2):135-139.
Kassebaum NJ, Jasrasaria R, Naghavi M, et al. A systematic
analysis of global anemia burden from 1990 to 2010. Blood.
2014;123(5):615-624.

Colman KS, Wood EM, De La Salle B, Stanworth SJ, Pasricha SR.
Heterogeneous hemoglobin lower thresholds in clinical laborato-
ries. Am J Haematol. 2018;93(6):E142-E144.

Jones GR, Haeckel R, Loh TP, et al. Indirect methods for reference
interval determination-review and recommendations. Clin Chem
Lab Med. 2018;57(1):20-29.

Campbell CA, Georgiou A, Westbrook JI, Horvath AR. What alert
thresholds should be used to identify critical risk results: a system-
atic review of the evidence. Clin Chem. 2016;62(11):1445-1457.
Keng TB, De La Salle B, Bourner G, et al. Standardization of hae-
matology critical results management in adults: an International
Council for Standardization in Haematology, ICSH, survey and rec-
ommendations. Int J Lab Haematol. 2016;38(5):457-471.

Plebani M, Astion ML, Barth JH, et al. Harmonization of quality in-
dicators in laboratory medicine. A preliminary consensus. Clin Chem
Lab Med. 2014;52(7):951-958.

Plebani M. The quality indicator paradox. Clin Chem Lab Med.
2016;54(7):1119-1122.

Sciacovelli L, O'Kane M, Skaik YA, et al. Quality Indicators in
Laboratory Medicine: from theory to practice. Clin Chem Lab Med.
2011;49(5):835-844.

Lillo R, Salinas M, Lépez Garrigds M, et al. Reducing preanalytical
laboratory sample errors through educational and technological in-
terventions. Clin Lab. 2012;58(9-10):911-917.

Makary MA, Daniel M. Medical error—the third leading cause of
death in the US. BMJ. 2016;353:i2139.

How to cite this article: De la Salle B. Pre- and postanalytical
errors in haematology. Int J Lab Hematol.
2019;41(Suppl. 1):170-176. https://doi.org/10.1111/ijlh.13007



https://doi.org/10.1111/ijlh.13007

