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Preanalytical phase is responsible for the most fre-
guent errors in laboratory medicine [1], that represent
a major source of result variability.

A constant commitment should thus be given by all
clinical laboratory players — physicians, nurses, techni-
cians, in vitro diagnostic devices providers, and labora-
tory professionals — to reduce the clinical laboratory
variability [2]. Unfortunately, these professionals sub-
estimate the impact of a single source of laboratory
variability. Therefore, lack efforts to control details
like: tourniquet application time; patient compliance
regarding fasting time, handling and processing of bio-
logical materials. The most important question when
dealing with the laboratory sources of error is ‘how
huge is the error if all sources of variability impact to-
gether on a single laboratory outcome?’. Keeping this
guestion in mind we can progressively work to improve
laboratory quality then guarantee patient safety.

This Special Issue from the electronic Journal of the
International Federation of Clinical Chemistry and
Laboratory Medicine (eJIFCC) entitled Improving the
preanalytical phase in laboratory medicine selected
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nine manuscripts: five original articles, two case
reports, and two critical reviews.

Some authors have assessed various pre-analyti-
cal problems at the hospital. Téth et al. thor-
oughly evaluated the hemolysis problem in
samples from inpatients (newborns and adults);
Barbato et al. present a case report where the
rejection of a hemolyzed sample caused failure
to confirm hypokalemia by albuterol sulphate
(salbutamol); whereas Alavi et al. worked on
sample management showing the rate of blood
sample nonconformities.

Concerning patient instructions, Stonys et al.
provided proper evidence that in fasting patients
chewing sugar-free gum could jeopardize labora-
tory testing [6]. Regarding sample management,
Flores et al. determined the stability of K.EDTA-
plasma and serum on different storage condi-
tions; and Salazar-Garcia et al. showed the im-
pact of chemical preservative in urine samples.

Abal et al., presented a case report about pseu-
dothrombocytopenia by ethylenediaminetetra-
acetic acid (EDTA), drawing attention to the need
for an intense communication between the
laboratory and the clinician aiming to avoid mis-
interpreting the laboratory report. A truthfully

non-systematic critical review by Caruso et al.,
highlighted the preanalytical interferences on lab-
oratory immunoassays and appropriately showed
the difficulty in performing properly venous blood
sampling at high altitude environments. A further
non-systematic critical review by Marques-Garcia
deals with the main methods thus far developed
for assessing the impact of hemolysis on labora-
tory testing.

On behalf of the elJIFCC, | congratulate all authors
for their work on preanalytical phase and express
my gratitude to the referees for their efforts to
show the authors the best way to improve their
manuscript.
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ABSTRACT

Background

Preanalytical problems can be more frequent in case
of preterm and term newborns as compared to the
general patient population. Here we present the lead-
ing preanalytical errors in our laboratory, the preva-
lence of haemolysis and its impact on laboratory test
results, and our efforts to improve the diagnostic work-
up of newborns’ samples.

Methods

Preanalytical quality indicators were analysed in all
samples in 2018. The haemolysis index was measured
spectrophotometrically in serum samples in the pe-
riod of 2012-2018, and the ratio of haemolysed sam-
ples and the test rejection rates were analysed. The
data of newborns and other patients were analysed
separately.

Results

During the tested year, the leading preanalytical er-
rors were haemolysis in serum samples, inadequate
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sample identification and clotting of anticoagu-
lated blood regarding all samples or newborns.
In this seven-year period the ratio of haemolysed
serum samples was 4.00% in all patients and
46.4% in newborns, while the test rejection rates
due to haemolysis were 0.57% and 3.71%, re-
spectively. Haemolysis indices were significantly
higher in case of newborns than in patients with
documented severe intravascular haemolysis
which suggests that the major reason of elevated
haemolysis indices in newborns was in vitro hae-
molysis. Accordingly, all C-reactive protein (CRP)
results which were rejected by severe haemolysis
became reliable after repeating blood sampling.

Conclusion

Haemolysis is the leading preanalytical problem
not only in newborns but also in the general
patient population. Our study highlights the im-
portance of automated assessment of serum in-
dices and continuous monitoring of the preana-
lytical quality indicators and suggests the need
for education and blood collection trainings.

00 2% o% o% <%
0'0 0.0 0.0 0.0 0.0

INTRODUCTION

In laboratory medicine, the result of an exami-
nation procedure is influenced by the correct-
ness of the preanalytical activities [1]. During
the total testing process, preanalytical phase
has the highest error rate, since preanalytical
errors are estimated to account for up to 70%
of all errors in laboratory diagnostics [2].

Problems in the pre-preanalytical phase are
particularly relevant when several steps are not
performed, and are not under the control of the
laboratory staff. The quality of the total testing
process can beimproved by continuous monitor-
ing of quality indicators; and in clinical laborato-
ries it is also a requirement by the International
Organization for Standardization (1SO) 15189:
2012 [2, 3].

On the Consensus Conference entitled ,,Harmo-
nization of Quality Indicators in Laboratory
Medicine: 4 years later” organised in Padova,
in 2016, a new version of the model of quality
indicators was released, and more than half of
the quality indicators of this model, monitor
the most vulnerable part, the preanalytical pha-
se [4]. Haemolysis was recognized as the most
frequent preanalytical error and in vitro ha-
emolysis is the leading cause of test or sample
rejection in clinical laboratories [5].

The prevalence of haemolysis can be as high as
3.3% of all routine samples, accounting for up to
40-70% of all unsuitable specimens identified,
nearly five times higher than other causes, such
as incorrect and clotted samples [6]. Only less
than 2% of samples with detectable haemolysis
are due to in vivo haemolysis [7].

In vitro haemolysis mostly occurs during blood
collection and transportation, and it generates
biological and analytical interferences [5, 8].
The cut-off of clinically significant interference
was defined as 0.5 g/L for cell-free haemoglobin
[9]. Although the assessment of sample quality
was historically based on visual inspection of the
specimen before and after centrifugation, visual
detection of haemolysis is inaccurate [5]. After
separation of the serum, haemolysis can be de-
tected visually, when the free haemoglobin con-
centration is 0.2-0.3 g/L (Figure 1) [6, 10].

Clinical chemistry analysers are capable of au-
tomated assessment of serum indices inclu-
ding haemolysis index and they provide quan-
titative measurement with high reproducability.
Presently systematic automated measurement of
haemolysis index is strongly recommended [8].

Preanalytical problems can be more frequent in
case of preterm and term newborns, and anal-
ysis of their samples has special aspects com-
pared to the general patient population. Every
year, approximately 15 million babies are born
preterm globally and the number is rising [11].
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Figure 1

in serum samples

Comparison of visual and automated detection of haemolysis

Haemolysis indices were measured spectrophotometrically by Roche COBAS analysers. According to the literature,
haemolysis can be visible as a pink to red colour of the serum, when the free haemoglobin concentration is 0.2-0.3 g/L.

The World Health Organisation (WHO) defines
preterm birth as any birth before 37 completed
weeks of gestation, or fewer than 259 days since
the first day of the woman’s last menstrual pe-
riod. This is further subdivided on the basis of
gestational age: extremely preterm (<28 weeks),
very preterm (28-32 weeks) and moderate or late
preterm (32-37 completed weeks of gestation).

Our aim was to detect and analyse the leading
preanalytical errors in our laboratory; and to
monitor the prevalence of haemolysis and its
impact on laboratory test results in case of all
samples and in preterm and term newborns. We
also present here the efforts to improve the di-
agnostic workup of newborns’ samples.

MATERIALS AND METHODS

Preanalytical quality indicators (e.g. misidenti-
fied samples and requests, test transcription er-
rors, clotted samples, incorrect sample type or
fill level, inappropriate time and temperature of
transport and storage) were analysed in all sam-
ples analyzed at the Department of Laboratory
Medicine, University of Debrecen in the period
of January 2018 to December 2018. Most of

these indicators were recorded in the General
Laboratory Information Management System
(GLIMS, Medical Information for Professional
Systems, Gent, Belgium) by the laboratory staff.
Unidentifiable samples or samples without test
requests were noted in a printed register. Serum
indices (haemolysis, icterus, lipaemia) were de-
tected automatically and they were stored in
the laboratory information system.

In all serum samples that arrived for routine
and STAT clinical chemistry and immunochemi-
cal assays between the period of January 2012
to December 2018, haemolysis index was mea-
sured spectrophotometrically by COBAS-8000,
-6000 and 501 analysers (Roche Ltd, Basel,
Switzerland), and the ratio of haemolysed sam-
ples and the test rejection rates were analysed.
A sample was identified as haemolysed when
the free haemoglobin concentration of the sam-
ple was higher than 0.5 g/L (the haemolysis in-
dex was higher than 31 mmol/L). The test rejec-
tion ratio was calculated as the number of tests
rejected due to haemolysis divided by the total
number of tests requested. Data of newborns
and other patients were analysed separately.
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In order to study whether preterm and term
newborns have dominantly in vitro or in vivo hae-
molysis, their haemolysis indices were compared
to the haemolysis indices of those patients who
had severe intravascular haemolysis (serum hap-
toglobin concentration <0.1 g/L). Haptoglobin
concentration was measured by an immuno-
turbidimetric assay on COBAS-8000, 6000 and
501 analysers (Roche Ltd, Basel, Switzerland).
The CRP concentration of the newborns — as a
marker of perinatal infections — was measured
by a latex-sensitized immunoturbidimetric assay
(Roche COBAS-501 analyser).

RESULTS

Among the 868 441 samples that were received
by our laboratory in 2018, 11 379 preanalytical
errors were registered by the laboratory staff in
the laboratory information system. In that year
the haemolysis index was measured in 295 130
serum samples.

The most frequent preanalytical error was hae-
molysis: 4.34% of the serum samples were hae-
molysed. Sample identification error was the
second most frequent cause of preanalytical
problems: 0.81% of all samples had some kind of
identification error, most of them had less than
two identifiers.

Table 1

The third most frequent preanalytical error was
the presence of fibrin clot in anticoagulated
samples: the ratio of clotted samples was 0.36%.
During the tested year, 9 017 samples were col-
lected from preterm and term newborns, among
these the ratio of haemolysed serum was 53.4%.
Overall, 8.28% of all samples from newborns
had identification errors (93.4% of sample iden-
tification problems were caused by less than
two identifiers) and among their anticoagulated
blood samples, 6.67% were clotted.

In case of all requests, the ratio of test transcrip-
tionerrors (e.g., absent or erroneous barcode
is assigned to the request, inadequate test is
requested, one or more test request(s) is/are
missed) was 0.257 %. Incorrect fill level of evac-
uated tubes was found in case of 0.066 % of all
samples, most of them had inappropriate sam-
ple-anticoagulant volume ratio. Inappropriate
time and temperature of transport and storage
were registered in case of 0.005 % of all samples,
the main problem was excessive transportation
time. Incorrect sample type and the incidence of
unidentifiable samples or samples without test
requests were infrequent (0.004 %).

In a second series of studies we checked for hae-
molysed serum samples that arrived for routine
and STAT clinical chemistry andimmunochemical

Ratio of haemolysed Ratio of rejected tests
Serum samples .
samples due to haemolysis
All patients 4.00% 0.57%
General patients 3.33% 0.56%
Newborns 46.4% 3.71%
Page 9
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assays during a seven-year period (from January
2012 to December 2018). Haemolysis index was
measured in case of 1 882 721 serum samples.
98.4% of the samples was collected from gener-
al patient population and 1.60% from preterm
and term newborns. The ratio of haemolysed
samples was 14 times higher in preterm and
term newborns compared to the general patient
population, while their test rejection ratio due
to haemolysis was 7 times higher, respectively
(Table 1). 7.88% of the serum samples arrived
at the laboratory from intensive care units and
8.05% from the adult emergency department.

2500+

In case of these departments, haemolysis was
more frequent compared to the other blood col-
lection sites of the general patient population.
The ratio of haemolysed samples was 5.93% in
case of intensive care units and 6.81% in emer-
gency department, while the test rejection
rates due to haemolysis were 0.97% and 1.73%,
respectively.

We hypothesized that in the case of preterm
and term newborns —although they might also
have in vivo haemolysis — the major reason of
elevated haemolysis indices was the in vitro hae-
molysis. In order to prove our hypothesis, their

p < 0.0001

20004 o0
'Y
%°e
1500+ 0:

1000+

500+

Haemolysis index (pumol/L)

Preterm and term
newborns

-....-‘-.
'l-.====-—’

Patients with
intravascular
haemolysis

Haemolysis indices were significantly higher in case of preterm and term newborns (median: 27 mmol/L, 25 percentile:
11 mmol/L, 75 percentile: 75 mmol/L, maximum: 1997 mmol/L) than in patients with documented severe intravascular
haemolysis (median: 4 mmol/L, 25 percentile: 2 mmol/L, 75 percentile: 7 mmol/L, maximum: 39 mmol/L).
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haemolysis indices were compared to the hae-
molysis indices of those patients who had docu-
mented severe intravascular haemolysis (serum
haptoglobin concentration <0.1 g/L).

Haptoglobin concentration was measured in
case of 2530 serum samples during the seven-
year period, and in 557 samples haptoglobin was
lower than 0.1 g/L, which refers in vivo hemoly-
sis. In patients with documented severe intravas-
cular haemolysis, haemolysis indices were signif-
icantly lower compared to the group of preterm
and term newborns (Figure 2).

The measurement of specific proteins is less
sensitive to haemolysis than several frequent
clinical chemistry tests, but severe in vitro hae-
molysis may interfere with some methods. For
example, haemolysis index >622 mmol/L may
cause underestimation of CRP levels.

In case of preterm and term newborns, CRP mea-
surement is very important to monitor perinatal
infections. In 199 samples of newborn patients,
the CRP test was rejected because of severe hae-
molysis, the highest haemolysis index was 1997
mmol/L.

Repeating the blood sampling, the haemolysis
index decreased significantly and all CRP results
became reliable and were reportable (Table 2).

DISCUSSION

In our laboratory the leading preanalytical er-
rors are haemolysis in serum samples, inade-
guate sample identification and clotting of anti-
coagulated blood regarding all samples or from
newborns. Preanalytical quality indicator data
collected from all participating laboratories of
the IFCC ,Laboratory Errors and Patient Safety”
project on Quality Indicators between 2009 and
2013 showed that the ratio of haemolysed sam-
ples was maximum 3% [2].

Howanitz et al found a haemolysis rate less than
3% in 71% of the studied 772 laboratories, and
arate between 3-6% in 15% of the laboratories
[12]. Their haemolysis rates were the highest in
case of samples from emergency departments.

Heireman et al also found that haemolysis was
more often observed in samples received from
the emergency department, affecting as much as
10-30% of emergency department samples [13].

Our ratio of haemolysed samples (4% for all
samples) is in the higher range of the published
values. One possible reason can be the pres-
ence of Perinatal Intensive Center where a lot of
extremely and very preterm babies are treated
and the ratio of haemolysed samples was 46.4%
due to the complicated blood collection.

First blood sampling Repeated blood sampling
(1-2 days after birth) (2-5 hours later)
Cases
Haemolysis CRP Haemolysis CRP
index (umol/L) (mgl/L) index (umol/L) (mgl/L)
Case 1l 1997 haemolysed 118 0.61
Case 2 1677 haemolysed 23 1.36
Case 3 875 haemolysed 16 4.02

The reference range of CRP is <2.2 mg/L (1-2 days after birth).
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Furthermore at the University of Debrecen there
is a busy emergency department with a signif-
icant sample number, and there are several in-
tensive care units. The higher ratio of haemolysis
at the departments where patients are in critical
condition suggests the need for education and
blood collection trainings. In the literature lim-
ited information is available for haemolysis rates
detected in neonatal units. Another problem is
that many laboratories do not use automated,
objective assessment of haemolysis, lipaemia
and icterus. In neonatal samples where elevated
bilirubin concentration is common, the ability to
detect haemolysis by visual inspection may be
further biased by underestimation of haemoly-
sis [14]. Khedr et al published that in 2012 the
haemolysis rate of the Neonatal Unit in Baystate
Medical Center was near or over 40%, and as a
consequence of changes (e.g., use of heel warm-
ers to get a more consistent warming prior to
drawing, increased education of correct blood
withdrawal techniques) it was reduced to 28.6%
within a few months [15]. This study also high-
lights the importance of monitoring and feed-
back to collecting personnel in improving and
maintaining correct blood sampling method.

Among the most frequent clinical chemistry
tests, lactate dehydrogenase (LDH), creatine ki-
nase (CK), MB isoenzyme of creatine kinase (CK-
MB), potassium, conjugated bilirubin, alanine
aminotransferase (ALT), aspartate aminotrans-
ferase (AST) and iron are the most sensitive ana-
lytes to haemolysis. Even the measurement of
specific proteins e.g. CRP, haptoglobin may have
significant interference with free haemoglobin in
serum. The interference may be optical, chemi-
cal or haemoglobin may interact with antigen or
antibody in immunoassays. For this reason, the
upper limit of haemoglobin in a serum or plas-
ma sample is test- and method-dependent. The
method description of reagents should refer to
limitations such as serum indices (haemolysis, ic-
terus, lipaemia).

The most frequent reason of test rejection is
haemolysis. It is critical in case of premature
babies receiving oxygen supplementary respi-
ratory treatment who are monitored by labo-
ratory tests (Blood gas analysis, LDH). LDH is a
basic monitoring test and very sensitive to hae-
molysis, therefore decreasing in vitro haemoly-
sis is essential especially in premature babies.
As the haemolysis is often observed in preterm
and term newborns [16], we may be more per-
missive in these cases: we can sligthly elevate
the borderline of haemolysis and report the ap-
proximate LDH result, with a note that the re-
sult is affected by moderate haemolysis. This is
in accordance with the result of a survey [10]
in which neonatologists preferred to receive the
test results with a qualitative comment accord-
ing to the interference of haemolysis; rather
than the rejection of LDH result at moderate
haemolysis.

The second most frequent preanalytical error
in our laboratory was the identification error,
0.81% of the total samples had less than two
identifiers and this ratio was 10 times higher in
newborns, simply because there is not enough
place to write two identifiers on the label of
these special small tubes. Plebani et al pub-
lished that during their project the frequency
of misidentification errors was not more than
0.3% [2], while in a Canadian study the majority
of reported errors concerned patient or sample
misidentification [17, 18].

A recent survey of the European Federation
of Clinical Chemistry and Laboratory Medicine
(EFLM), carried out in 12 European countries,
reported that compliance of phlebotomy proce-
dures with the Clinical and Laboratory Standards
Institute (CLSI) H3-A6 guidelines was unaccept-
ably low, accurate patient identification and
tube labelling were the most vulnerable steps
in blood sampling [19]. Although correct use of
barcode may reduce identification errors.
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Among anticoagulated blood samples, 0.36%
were clotted in our laboratory, while in case
of preterm and term newborns this ratio was
6.67% according to blood collection difficulties.
Clotting in blood tubes containing anticoagu-
lants mostly occurs for challenging/prolonged
venipuncture or failing to appropriately mix the
tube after collection [20]. Plebani et al found
that the median values for the ratio of clotted
samples were between 0.05% and 0.21% in their
study [2].

Twenty-six percent of laboratory errors can af-
fect outcome of patient’s care, errors result in
further inappropriate investigations, patient dis-
comfort, increased costs and/or modification of
the therapy [17, 21]. Monitoring of preanalytical
quality indicators is a valuable tool to guaran-
tee and improve the quality of the preanalytical
phase. Automated assessment of serum indices
characterizes the quality of sera, therefore it is
recommended for all laboratories - it provides
more objective evaluation of the sample and
assists to obtain reliable results. Application of
serum indices described in each test method
should be applied in the analysers when a new
test is introduced, and checking the test-specific
serum index cut-off values for the most sensitive
tests is recommended.

In conclusion, we determined the leading prean-
alytical errors and their frequency both in case
of general patients and newborns. We have to
reduce them and therefore the implementation
of the joint EFLM-COLABIOCLI recommendation
for venous blood sampling is needed [22]. This
recommendation covers all steps of the venous
blood collection procedure using closed system
in case of in- and outpatients except for children
and unconscious patients. Implementation of
the guidelines, systematic theoretical education
and practical trainings of the medical staff, peri-
odical audits of phlebotomy, continuous moni-
toring of the preanalytical quality indicators
and automated assessment of serum indices

are recommended to improve the quality of the
total testing process.
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Introduction

In vitro hemolysis is the primary cause of sample/
test rejection by the laboratory.

Case report

A 10-year-old, admitted with an asthma attack in the
emergency-room, medicated with albuterol sulphate
(intravenous bronchodilator that could induce hy-
pokalemia), needed laboratory test monitoring. The
physician prescribed the technical-nurse to perform
blood sampling for: complete blood count, electro-
lytes, glucose, and blood gas analysis—within 30min
after therapy. Samples were delivered to laboratory
with a note “I had difficult to locate an appropriate
access to perform the blood collection”.
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Laboratory results

Glucose: 4.77 mmol/L. Complete blood count
revealed discreet eosinophilia 0.13x10°/L, and
thrombocytopenia 18x10°/L. However, platelet
clumps were observed in peripheral blood smear.
Blood gas analysis was unreported, laboratory in-
formed that sample had micro clots.

Electrolytes: laboratory did not report the re-
sults; sample hemolyzed. 0.9 g/L of free hemo-
globin is the cut-off defined by the laboratory;
the sample presented 2.3 g/L of free hemoglo-
bin. 3.9 mmol/L of potassium was the unreport-
ed result vs 2.1 mmol/L in the new sample.

Briefly, the laboratory technician was trained to
hide potassium results on hemolyzed sample
due to the potential overestimation. Even if the
hemolyzed sample presented a potassium value
close tothe lower reference range value (3.5-5.1
mmol/L), reporting the potassium result could
allow the physician starting proper therapy to
revert the hypokalemia by albuterol sulfate.

Conclusion

The laboratory should be aware of the clinical
patient conditions and of the related physician
needs, before hiding results. Therefore, both
the laboratory and the clinic personnel should
communicate in order to guarantee the patient
safety.

CIOR R K AR )
0‘0 0‘0 0’0 0‘0 0‘0

INTRODUCTION

Briefly hemolysis is due to leakage of the red
blood cells membrane with the release of the
erythrocyte-cytoplasm in the fluid (plasma or
serum) [1]. We can classify hemolysis in two
major categories:

i) in vitro because of improperly blood
sample collection procedure [2, 3],
venous stasis [4-6], unnecessary or

excessive sample mix [7, 8], improper
temperature maintenance [9], etc.; and

ii) in vivo due to iatrogenic conditions,
acquired, or hereditary; unrelated
with any laboratory technique.

Hemolysis is the most frequent pre-analytical
source of variability, and in vitro hemolysis is
the primary cause of sample/test rejection
by laboratory professional [10]. However,
Cadamuro et al., properly evidenced that lab-
oratory professionals need deeply understand
the pre-analytical interference (i.e., hemoly-
sis) then to establish own laboratory criteria
about when and how to report laboratory re-
sults in hemolysed samples [11]. The aim of
this pre-analytical case report is to show that
hemolysis due to inadequate phlebotomy pro-
cedure masked hypokalemia by albuterol sul-
fate (salbutamol).

CASE REPORT

A 10-year-old boy, admitted with asthma at-
tack in the emergency room from a Brazilian
general hospital, and properly medicated with
intravenous infusion of salbuterol sulfate-4 ug/
Kg/min—needed laboratory test monitoring [12,
13]. Briefly, albuterol sulfate (salbutamol - a
sympathomimetic amine), is a beta-adrenergic
agonist that selectively acts on the beta (2)-ad-
renergic receptors of intracellular adenyl cy-
clase, the catalyst for the conversion of adenos-
ine triphosphate (ATP) to cyclic-3’, 5’-adenosine
monophosphate (cyclic AMP) [14]. This action
increases cyclic AMP levels resulting in bron-
chial smooth muscle relaxation (bronchial dila-
tation), and inhibition of release of immediate
hypersensitivity mediators from mast cells [15].

The physician prescribed the technical nurse to
perform blood sampling for laboratory testing—
complete blood count, electrolytes (sodium,
potassium, chloride, calcium, and magnesium),
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glucose, and blood gas analysis—within half an
hour after albuterol sulfate infusion.

Samples were delivered to STAT laboratory by
pneumatic tube system with a note in the test-
order “I had difficulty to locate an appropriate
venous access to perform the blood collection”.

LABORATORY TESTING

Complete blood count was performed on Sysmex
XN-1000 (Sysmex Corporation, Kobe, Japan);
clinical biochemistry testing — glucose, sodium,

potassium, chloride, calcium, and magnesium
—were performed on cobas 8000 c¢501 (Roche
Diagnostics GmbH, Penzberg, Germany); where-
as blood gas analysis was performed on GEM
Premier 3000® (Instrumentation Laboratory a
Werfen Company, Bedford, USA).

RESULTS

The laboratory present complete blood count
and glucose results; whereas unreported results
of electrolytes, and blood gas analysis (Table 1).

Instruments

Sysmex XN-1000 Sysmex

Cobas 8000 c501 Roche

GEM Premier 3000 Werfen

Tests Results Units
Red blood cells 4.86 10%%/L
Haemoglobin 141 g/L
Hematocrit 40.5 %
Mean corpuscular volume 83.3 fL
Red blood cell distribution width 12.6 %
White blood cells 6.12 10°/L
Neutrophils 3.24 10°/L
Lymphocytes 2.32 10°/L
Monocytes 0.43 10°/L
Eosinophils 0.13 10°/L
Platelets *! 18 10°/L
Glucose 4.77 mmol/L
Sodium
Potassium
Chloride new sample required *2
Calcium
Magnesium
Blood gas analysis new sample required *3

*Laboratory notes:

1. platelet clumps were observed in peripheral blood smear from the blood sample collected
in ethylenediaminetetraacetic acid (K,EDTA) tube.

2. sample hemolyzed +++

3. sample had micro clots being a possible analytical problem for the blood gas analyser.
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DISCUSSION

The worried physician called the laboratory
about the patient showing signs and symptoms
compatible with hypokalemia: therefore, the po-
tassium laboratory result was absolutely needed.
In reply, the laboratory technician verbally (by
phone) informed that result reporting was not
allowed, because the sample was hemolyzed.

Hypokalemia should be expected immediately
after salbutamol intravenous infusion for severe
asthma treatment, with potassium values main-
ly between 2.7 mmol/L and 3.4 mmol/L, which
generally return to normality within half an hour
[16]; whereas, inhalation of salbutamol in chil-
dren can cause hypokalemia—30 min after inhala-
tion—with potassium levels between 2.5 mmol/L
and 4.2 mmol/L [17, 18]. This hypokalemic effect
of catecholamines is mediated by the B,-receptor
linked to the Na/K ATPase in skeletal muscle [19,
20]. Therefore, the inpatient treatment with sal-
butamol requires blood gas analysis and potas-
sium monitoring. Measuring potassium in pedi-
atric patients is essential, since these patients
frequently have diarrhea, vomiting or are follow-
ing therapy with diuretics and digitalis too [21].

Cadamuro et al., had shown an impressive het-
erogeneity from European laboratories on man-
agement of hemolyzed samples [22]. Briefly,
some laboratories used a color scale for visu-
al hemolysis detection (434/1160); whereas
others used hemolysis cut-offs declared by
the in vitro diagnostic device-manufacturers’
(624/1160). However, only 246/1160 verified
these cut-offs. The general cut-off that defined a
sample as hemolytic, lacks harmonization; i.e.,
same laboratories have rigorous cut-off of 0.1 g/L
of free hemoglobin, whereas others have per-
missive cut-off of 1 g/L of free hemoglobin [22].

Why did the laboratory not report the results?

0.9 g/L of free hemoglobin is the cut-off defined
and verified by the accredited laboratories by

International Organization for Standardization
15189 standard [23] for rejecting samples; the
present sample had 2.3 g/L of free hemoglobin.
3.9 mmol/L of potassium was the unreported re-
sult on the hemolyzed sample. A newly collect-
ed non-hemolyzed sample had shown a potas-
sium of 2.1mmol/L; with a turnaround time of
1h45min for reporting the proper result, having
the whole course considered; whereas the mean
turnaround for potassium report (from collec-
tion to verification) should be less than 36 min
[24]. The reason: the laboratory technician was
trained to hide potassium results on hemolyzed
sample due to the potential overestimation (re-
lease of potassium from red blood cells). Though,
the hemolyzed serum sample presented po-
tassium near the lower reference range value
(3.5-5.1 mmol/L), reporting the first potassium
result could allow the physician starting the
proper pharmacological therapy to revert imme-
diately the hypokalemia by salbutamol. Reports
support the importance to communicate po-
tassium results with a comment on hemolyzed
samples instead of suppressing it [25, 26].

The blood gas analysis revealed normal results
with an abnormal flag on potassium results. The
arterial blood sample had shown micro clots.
Therefore, the laboratory technician supposed
that the wrong result derived from the clot pres-
ence. D’Orazio accurately reported the impact
of clots on blood gas analyses including potas-
sium [27]. The laboratory technician performed
the proper maintenance on the blood gas ana-
lyzer to eliminate the potential micro clot from
the analyzer system; then verified the analyzer
performance using a third-party control mate-
rials-independent from calibrator materials, as
recommended [28]. Thus, laboratory technician
required new arterial sample. The laboratory in-
struments can provide the concentration of po-
tassium in a few seconds, since several blood gas
analyzers are incorporating the electrode [29].
However, clinicians should be aware about the
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specific reference range for potassium determi-
nation on a different sample matrix (relatively
lower K* on plasma sample than serum sample)
[30]. Hence, divergent potassium results could
be reported for the same patient’s samples, re-
spectively collected as lithium heparin anticoag-
ulated plasma for blood gas analysis or as serum
for clinical biochemistry.

In conclusion, the laboratory should be aware of
the clinical patient conditions and of the related
physician needs, before hiding results. Therefore,
both the laboratory and the clinic personnel
should communicate in order to guarantee the
patient safety.
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Objective

To evaluate the major causes of preanalytical errors
in medical laboratory of a tertiary care hospital.

Methods

It was a retrospective study in which we analyzed the
sample rejection data of hematology and chemical
pathology sections from January to December 2018.
Number of rejected samples, reason for rejection and
type of test ordered on monthly basis were recorded
on a platform.

Results

A total of 113,817 samples were received during the
study period. Preanalytical errors were found in 1,688
samples, which constitute approximately 1.48% of the
total number of samples received.

Conclusion

Our study highlights the magnitude of preanalytical
errors in our setup. Preanalytical errors can lead to
loss of patient trust in diagnostic services, can dent the
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laboratory’s reputation, and lead to an increase
in the overall operating expenses, both for labo-
ratories as well as the hospitals. Compliance
with good laboratory practices can significantly
reduce the frequency of pre analytical errors.

00 0% o% o% <%
0’0 0’0 0.0 0.0 0.0

INTRODUCTION

Quality in medical diagnostics is essential to the
goal of providing safe health care to patients.
Among other clinical disciplines, laboratory med-
icine assumes a vital role in patient safety (1).

Conventionally, laboratory practice can be di-
vided into three phases, i.e., preanalytical, ana-
lytical and post-analytical phase. Preanalytical
phase comprises of test selection, patient iden-
tification, collection of the sample, handling of
the sample, sorting out, pipetting and centrifu-
gation (2, 3). Negligence in any of these steps
can lead to erroneous results attributed to pre-
analytical phase.

Although all three phases are equally important
for improving total quality management and
should be targeted individually for improving
standards of the laboratory, preanalytical phase
is considered as the most error prone part of the
total testing process. Preanalytical issues have
been included in the list of biggest challenges
faced by the laboratory professionals in the last
two decades (4).

Lippi and colleagues reported that total error
rate in laboratory medicine is 0.1% to 3.0% (5).
Analytical errors which have been focus of re-
search in the past, account for less than 10%
of all the diagnostic mistakes, whereas preana-
lytical errors are reported to be accounting for
46 to 68.2% (6). Moreover, preanalytical errors
constitute 18.5 to 47% of the laboratory errors.
Missing patient’s identification, inappropriate
containers, missing samples are most common-
ly encountered preanalytical errors (7).

Worldwide standards relating to blood sam-
pling and standardization are available but
compliance to guidelines is very low especially
in the background where sampling is done by
the nurses/junior doctors without involvement
of the laboratory staff (8). Furthermore, there
is heterogeneity in criteria for sample rejection
from one laboratory to another. Alongside the
long road of patient safety, preanalytical phase
of laboratory medicine offers a wide room for
improvement (9).

There is scarcity of the local data regarding doc-
umentation, root cause analysis and preventive
strategies for laboratory errors (10). Our study
aims to evaluate the major causes of pre ana-
lytical errors in medical laboratory of a tertiary
care hospital.

MATERIAL AND METHODS

Shalamar Hospital is a teaching hospital in
Lahore, Pakistan specializing in various fields like:
Surgery, Gynecology & Obstetrics, Cardiology,
Gastroenterology, and Psychiatry. It is a 430
bedded hospital providing services to about
376,000 patients per year. Here, phlebotomies
of the inpatients are performed by the clinical
staff (nurses and junior doctors), whereas blood
samples from the outpatients are collected by
laboratory personnel.

The samples are collected in evacuated tubes
(BD vacutainer), that include purple top ethyl-
enediaminetetraacetic acid di/trisodium salt
(EDTA) tubes, blue top sodium citrate tubes,
yellow top gel separation tubes, and syringes
for arterial blood gas analysis. Upon receiving
the samples, they are sorted out for any prob-
lem at the reception desk before transporting
to concerned sections. In case, any problem ex-
ists, it is manually registered in the logbook.

Samples are rejected on the basis of preset rejec-
tion criteria, as follows: unlabeled specimen con-
tainer, specimen without request form, incorrect
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tube (wrong choice of tube), wrong label/wrong
medical record number, incorrect quantity or
insufficient sample, hemolysed sample, antico-
agulated sample (EDTA and citrated) with clots,
improper sample transport, improper container
closure, specimen delayed in transit making re-
sults invalid, diluted sample. The data generated
is viewed periodically (monthly).

It was a retrospective study; we analyzed the
sample rejection data of hematology and chemi-
cal pathology sections from January to December
2018. Number of rejected samples, and reason
for rejection of tests ordered on monthly basis
were recorded on a proforma. Data were ana-
lyzed on Statistical Package for the Social Sciences
version 20 (SPSS V 20). Frequency of each type of
preanalytical error was assessed.

RESULTS

Atotal of 113,817 samples were received during
the study period in hematology and chemical
pathology sections. Out of these samples, pre
analytical errors were found in 1,688 samples,

Type of error

Unlabeled sample
Sample clotted (EDTA and sodium citrate)
Sample diluted
Wrong medical record number
Sample hemolysed
Incorrect tube

Incorrect quantity or insufficient sample

which constituted approximately 1.48% of the
total number of samples received. The frequen-
cy of errors are show in Table 1.

The most frequent error was “unlabeled sam-
ples” which was responsible for 36% of the total
preanalytical errors. The total preanalytical er-
rors in the period divided by month is show in
Figure 1. Monthly breakup of the pre analytical
errors showed that maximum number of errors
occurred in the month of October.

DISCUSSION

Our results are comparable to studies that were
carried out in other developing countries. In an
Indian study by Chawala et al, preanalytical er-
ror rate was reported to be 1.52% (11), which
is analogous to our result. In another 5 years
Spanish study, overall rate of pre analytical er-
rors was reported at 0.047% (12). In previous
studies, the variable receiving highest frequen-
cy was “hemolysed” sample (11-13). The most
frequent pre analytical error in our setting was
“unlabeled specimen” (Table 1). Proper labeling

N Frequency (%)
604 35.8
252 14.9
200 11.8
172 10.2
164 9.7
148 8.8
148 8.8

*Frequency = N / 1688 (total pre analytical errors in a year) x100.
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of the specimen cannot be overemphasized, as
this step is the backbone of a good sampling pro-
cess (14). Missing slips, wrong labeling/wrong
medical record numbers and most important
unlabeled specimens can jeopardize the patient
outcomes.

Negligence in this domain can lead to delayed
diagnosis, additional laboratory testing, or treat-
ment of a patient for a wrong medical condition.
Sometimes, these errors may even be fatal (e.g.,
acute hemolytic reaction after incompatible
blood transfusion because of wrong labeling of
the EDTA/serum evacuated tubes in which the
samples are sent for blood grouping and cross
match).

An interesting fact in our study was that majority
of the unlabeled samples were sent for analysis
of arterial blood gases (ABG). As arterial-blood
specimen is used for ABG analysis, the sampling

DECEMBER [
NOVEMBER B

process is relatively cumbersome for the pa-
tient as well as for the doctors. However, due to
negligence in labeling, it results in unnecessary
delays and recollecting of the arterial-blood.
Mishandling of the specimen at this step may be
attributed to excessive patient workload/ short-
age of time in the clinical departments, lack of
awareness of the doctors/nursing staff regard-
ing the patient information and lack of bar code
system in our setup.

As modern-day laboratory practice is not just
confined to “report making”, it is also involved in
disseminating this important information to the
clinicians. Labeling errors can make this practice
delayed and redundant.

After “labeling” the next big problem in our setup
was “diluted” samples (Table 1). Majority of the
workload of our laboratory comprises of samples
from inpatient department, where sampling is

M Unlabeled specimen
B incorrect tube

B incorrect quantity

B Sample hemolysed
DWrung Medical recard
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being performed by nurses/junior doctors. They
sometimes underestimate the importance of
drawing blood from the vein without intrave-
nous lines. If intravenous fluid is being given in
a patient’s arm, sample should be drawn from
the opposite arm (14). If both arms are occupied,
blood may be taken after intravenous infusion is
turned off for at least two min and tourniquet
should be applied below the infusion site before
sampling (15).

Anticoagulated samples (EDTA and sodium ci-
trate) with clots constituted around 14% in the
present study (Table 1). Gross clots can be eas-
ily detected by visual inspection of the sample,
however micro clots are sometimes difficult to
detect. The presence of clots can be attributed
to increased blood to anticoagulant ratio and
improper mixing of the blood after dispensing in
the tube with anticoagulant (15). In this study,
this error could be due to improper mixing of
the blood sample and overfilling of the EDTA/
citrated vials.

Another significant finding in our study was that
maximum number of preanalytical errors oc-
curred in the month of October, and out of them
most of the samples were diluted. When we per-
formed the root cause analysis of this issue, we
found that neophyte nursing staff was inducted
in the month of October. So, this issue can be
explained on the basis of inadequate training,
poor skills and improper sampling technique of
the staff.

Therefore, we conducted in house training ses-
sions for our nursing staff to get them familiarized
with the proper phelobotomy technique. After
the training session, number of preanalytical er-
rors in the subsequent months had declined to
average which was comparable with that of the
other months (Figure 1).

Errors in the laboratory are directly propor-
tional to financial constraints and lead to de-
creased patient satisfaction. Laboratory errors

not only affect patient care, including delay in
turnaround time, unnecessary redraws, wrong
diagnosis, inappropriate treatment but also
damages reputation of a laboratory and dimin-
ishes confidence of the patient on diagnostic
services. Negative impact of laboratory error on
patient outcomes is reported to be as high as
24.4% (16). On a broader horizon, they are also
adding fuel to the financial constraints of the
health system.

A study by Green shows that preanalytical error
costs represent between 0.23% and 1.2% of to-
tal hospital running budget (17). North American
hospitals reported the costs of $337.05 for
outpatient (which includes emergency depart-
ment patients), $162.18 for inpatient (critical),
$357.15 for inpatient (other) (17). We lack a
comprehensive local data about the effect of
preanalytical error on hospital budgets, but for
sure we are in a more troublesome situation be-
cause of the errors in this phase.

Though improvement in laboratory workflow has
significantly reduced the error rate during the
analytical phase, preanalytical phase remains
the most vulnerable part of laboratory testing,
due to the presence of many steps that occur
both before and after the specimen reaches the
laboratory.

Itis evident from the above issues that incorrect
sampling technique is the main reason behind
the pre analytical errors. This can be attributed
to lack of proper training about standard oper-
ating procedures of sampling, underestimating
the importance of sampling and heavy work-
loads at the clinical sites. Appropriate training
of the staff and proper quality control proce-
dures can help to reduce the pre analytical er-
rors (18,19).

Phlebotomy is considered as a separate domain
in most of the developed countries, we could
also adopt similar approach for the improvement
in quality of our laboratory work.
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Thiswhole process demands a holisticapproach,
including good liaison among the members of
the specimen management team, ordering cli-
nicians, phlebotomists, courier who transports
the specimen, as well as the laboratory person-
nel who processes the specimen for testing.
Moreover, laboratories should keep a strict re-
cord of all the errors observed in the preana-
lytical phase. Strict compliance to the corrective
strategies can gradually reduce the error rates.

CONCLUSION

Compliance with good laboratory practices can
significantly reduce the occurrence of preana-
lytical errors. Management of preanalytical er-
rors needs involvement of the clinical domain
for proper patient identification and test requi-
sition, completely filling accompanying slips and
sending proper samples for laboratory analysis,
since many of the errors fall outside the physi-
cal boundaries of the laboratory. We recom-
mend that there should be laboratory policy for
error record keeping so that there should be a
settlement in “laboratory sentinel events” cov-
ering the total testing process.

REFERENCES

1. Saurav Patra M, Mukherjee B and Das AK. Preanalyti-
cal errors in the clinical laboratory and how to minimize
them. Int J Bioassays 2013;02:551-553.

2. Lima-Oliveira G, Volanski W, Lippi G, Picheth G and Gui-
di GC. Preanalytical phase management: a review of the
procedures from patient preparation to laboratory analy-
sis. Scand J Clin Lab Invest 2017;77:153-163.

3. Lippi G, Lima-Oliveira G, Brocco G, Bassi A and Salvag-
no GL. Estimating the intra- and inter-individual impreci-
sion of manual pipetting. Clin Chem Lab Med 2017;55:
962-966.

4. Simundic AM and Lippi G. Preanalytical phase-a con-
tinuous challenge for laboratory professionals. Biochem
Med 2012;22:145-149.

5. Lippi G, Plebani M and Simundic AM. Quality in labora-
tory diagnostics: From theory to practice. Biochem Med
2010;20:126-130.

6. Hammerling JA. A Review of Medical Errors in Laborato-
ry Diagnostics and Where We Are Today. Lab Med 2012;43:
41-44,

7. Almatrafi AA. Preanalytical Errors: A Major Issue in
Medical Laboratory. Acta Sci Med Sci 2019;3:93-95.

8. Giavarina D and Lippi G. Blood venous sample collec-
tion: Recommendations overview and a checklist to im-
prove quality. Clin Biochem 2017;50:568-573.

9. Lima-Oliveira G, Lippi G, Salvagno GL, Picheth G and
Guidi GC. Laboratory Diagnostics and Quality of Blood
Collection. J Med Biochem 2015;34:288-294.

10. Lima-Oliveira G, Cesare Guidi G, Guimaraes AVP, Abol
Correa J and Lippi G. Preanalytical Nonconformity Man-
agement Regarding Primary Tube Mixing in Brazil. ] Med
Biochem 2017;36:39-43.

11. Chawla R, Goswami B, Tayal D and Mallika V. Identi-
fication of the types of preanalytical errors in the clinical
chemistry laboratory: 1 year study at GB Pant hospital.
Lab Med 2010;41:89-92.

12. Gimenez-Marin A, Rivas-Ruiz F, Perez-Hidalgo Mdel M
and Molina-Mendoza P. Preanalytical errors management
in the clinical laboratory: a five year study. Biochem Med
2014;24:248-257.

13. Najat D. Prevalence of Preanalytical Errors in Clinical
Chemistry Diagnostic Labs in Sulaimani City of Iraqi Kurd-
istan. PLoS ONE 2017;12:e0170211.

14. Simundic AM, Boélenius K, Cadamuro J,Church S,
Cornes MP, van Dongen-Lases EC, Eker P, Erdeljanovic
T, Grankvist K, Guimaraes JT, Hoke R, Ibarz M, lvanov H,
Kovalevskaya S, Kristensen GBB, Lima-Oliveira G, Lippi G,
von Meyer A, Nybo M, De la Salle B, Seipelt C, Sumarac
Z, Vermeersch P; Working Group for Preanalytical Phase
(WG-PRE), of the European Federation of Clinical Chemis-
try and Laboratory Medicine (EFLM) and Latin American
Working Group for Preanalytical Phase (WG-PRE-LATAM)
of the Latin America Confederation of Clinical Biochem-
istry (COLABIOCLI). Joint EFLM-COLABIOCLI Recommen-
dation for venous blood sampling. Clin Chem Lab Med
2018;56:2015-2038.

15. Arul P, Pushparaj M, Pandian K, Chennimalai L, Ra-
jendran K, Selvaraj E and Masilamani S. Prevelence and
types of preanalytical error in hematology laboratory of
a tertiary care hospital in South India. J Lab Physicians
2018;10:237-240.

16. Lippi G, Bassi A, Brocco G, Montagnana M, Salvagno
GL and Guidi GC. Preanalytic error tracking in a laboratory
medicine department: results of a 1-year experience. Clin
Chem 2006;52:1442-1443.

17. Green SF. The cost of poor blood specimen qual-
ity and errors in preanalytical processes. Clin Biochem
2013;46:1175-1179.

Page 26
eJIFCC2020Vol31No1pp021-027



Nusrat Alavi, Sana Haseeb Khan, Asma Saadia, Tahir Naeem
Challenges in preanalytical phase of laboratory medicine

18. Lima-Oliveira G, Lippi G, Salvagno GL, Montagnana M,
Picheth G and Guidi GC. The effective reduction of tour-
niquet application time after minor modification of the
CLSI HO3-A6 blood collection procedure. Biochem Med
2013;23:308-315.

19. Lima-Oliveira G, Lippi G, Salvagno GL, Montagnana M,
Picheth G and Guidi GC. Impact of the phlebotomy train-
ing based on CLSI/NCCLS HO3-a6-procedures for the col-
lection of diagnostic blood specimens by venipuncture.
Biochem Med 2012;22:342-351.

Page 27
eJIFCC2020Vol31No1pp021-027



The Journal of the International Federation of Clinical Chemistry
and Laboratory Medicine

JIFCC

This is a Platinum Open Access Journal distributed under the terms of the Creative Commons Attribution Non-Commercial License which permits unrestricted
non-commercial use, distribution, and reproduction in any medium, provided the original work is properly cited.

Can chewing gum be another source
of preanalytical variability in fasting outpatients?
Ricardas Stonys?, Valdas Banys'?, Dalius Vitkus'?, Gabriel Lima-Oliveira®*

I Center of Laboratory Medicine, Vilnius University Hospital Santaros Klinikos, Vilnius, Lithuania

2 Department of Physiology, Biochemistry, Microbiology and Laboratory Medicine, Faculty of Medicine,
Vilnius University, Vilnius, Lithuania

3 Section of Clinical Biochemistry, Department of Neurosciences, Biomedicine and Movement Sciences,
University of Verona, Italy

4 Latin American Working Group for Preanalytical Phase (WG-PRE-LATAM) of the Latin America Confederation
of Clinical Biochemistry (COLABIOCLI), Montevideo, Uruguay

ARTICLE INFO

ABSTRACT

Corresponding author:

Gabriel Lima-Oliveira

Section of Clinical Biochemistry
Department of Neurosciences
Biomedicine and Movement Sciences
University of Verona

Italy

E-mail: dr.g.lima.oliveira@gmail.com

Key words:

blood specimen collection,

diagnostic errors, fasting, postprandial
period, reproducibility of results

Introduction

In the daily laboratory practice, there are patients
coming to blood collection sites chewing sugar-free
gum, considering it irrelevant to laboratory tests. The
aim of this study was to evaluate whether a sugar-
free chewing gum can interfere with laboratory tests.

Methods

We studied 22 healthy volunteers. After a 12-hour
overnight fasting, the first blood sample was collected
between 8:00 and 8:30 a.m. Then, immediately after
the first venous blood collection, the subjects started
chewing the gum (declared sugar-free) for 20 min.
Subsequent venous blood samples were collected at
1, 2, and 4 hours after chewing the gum. Significant
differences between samples were assessed by the
Wilcoxon ranked-pairs test.

Results

Among all the results, statistically significant differenc-
es (p <0.05) between basal and x hours after chewing
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sugar-free gum were observed for the following
parameters: cortisol, insulin, C-peptide, triglyc-
erides, uric acid, urea, amylase, alanine amino-
transferase, lipase, creatine kinase, total biliru-
bin, direct bilirubin, phosphate, iron, potassium,
thyroid stimulating hormone, red blood cell
count, hematocrit, hemoglobin, mean cell vol-
ume, red cell distribution width, white blood
cell count, lymphocytes, neutrophils, and eo-
sinophils; whereas, coagulation tests were not
impacted by chewing sugar-free gum.

Conclusions

We recommend instructing the patients to avoid
the use of chewing gum before blood collection
for laboratory tests.

O0 0% o% % <%
0‘0 0‘0 0'0 0‘0 0‘0

INTRODUCTION

Chewing is essential during food consumption
since it helps swallowing and food digestion.
Moreover, Hirano et al. have shown that chew-
ing is linked with cognitive functions (i.e., learn-
ing, memory and attention) [1]. Regarding the
prolonged chewing consequent to chewing gum
habit, it has some favorable outcomes such as:
i) removal of food debris and plaque from teeth;
ii) stimulation of saliva flow; and iii) reduction of
gingivitis [2]. Moreover, chewing gum has been
proven to stimulate the cephalic phase of gas-
tric secretion on par with food chewing. The
amount of acid output stimulated after 15 min
of chewing the gum was very similar to the acid
output after a cheeseburger meal [3]. It is well
known that the hydrochloric acid secretion into
the stomach is linked to:

1) extraction from blood plasma of CI, Na*, CO,,
and H,0;

2) maintenance of blood electrolyte equilibri-
um through the release of HCO, into the blood
leaving the stomach (alkaline tide) [4].

Therefore, the fake feeding-induced gastric se-
cretion due to chewing gum should be consid-
ered carefully when laboratory tests needing
patient fasting are to be performed.

Currently, the management of patient prepara-
tion before laboratory testing requires attention
since the evidence has shown that fasting time is
required before blood sampling [5-7], except for
lipid profile assessment [8, 9]. However, the GP
41, a standard for global application developed
through the Clinical and Laboratory Standards
Institute (CLSI) consensus process, recommends
“no chewing gum, or other objects (eg. ther-
mometer) should be in the patient’s mouth at
the time the specimen is collected” although no
information is provided about allowance or de-
nial regarding chewing gum habit before blood
specimen collection [10]; whereas, a joint docu-
ment from the European Federation of Clinical
Chemistry and Laboratory Medicine (EFLM)
and Latin America Confederation of Clinical
Biochemistry (COLABIOCLI) states that “chewing
gum should not be used” without any scientific
evidence that it could be a source of laboratory
variability [11].

In the daily laboratory practice, there are pa-
tients coming to blood collection sites chewing
sugar-free gum, considering it irrelevant with
respect to fasting status. Moreover, laboratory
professionals lack evidence to define patient
preparation regarding this issue. The aim of this
study was to evaluate whether chewing sugar-
free gum can interfere with laboratory tests.

MATERIALS AND METHODS

A total of 22 healthy volunteers (13 women and
9 men; average age was 31 (22-52) years) were
selected from the personnel of the Center of
Laboratory Medicine of the Vilnius University
Hospital Santaros Klinikos and included in the
study. Informed consent was obtained from all
study subjects according to the 2013 Declaration
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of Helsinki and the protocol was approved by
the Ethic Committee.

After a 12-hour overnight fast, the first blood
sample was collected between 8:00 and 8:30
a.m. Then, immediately after the first venous
blood collection, the subjects started chewing
2.8 g of sugar-free chewing gum (Orbit Spear-
mint, Wrigley company, Plymouth, USA) for 20
minutes. The composition of the chewing gum
is declared in Table 1. Subsequent venous blood
samples were collected at 1, 2, and 4 hours after
chewing sugar-free gum.

Table 1

Nutritional composition

overall weight (g) 2.8

KJ 17.8

Kcal 4.3

total carbohydrates (g) 1.8
proteins (g) 0
total lipids (g) 0

According to the CLSI GP 41 and the EFLM-
COLABIOCLI recommendations [10, 11], all ve-
nous blood sampling procedures were carried
out by a single phlebotomist. In order to elimi-
nate possible blood distribution interferences,
all volunteers were kept in an upright sitting
position for 15 min [12-14]. Then, a vein was
located on the forearm using a subcutaneous
tissue transilluminator device (Venoscépio IV
plus; Duan do Brasil, Brazil), in order to prevent

venous stasis interference through tourniquet
[15-18] and to avoid clenching [19].

All blood samples were collected directly into
one 1.8 mL evacuated tube containing 3.2%
sodium citrate 9N, one 3.5 mL evacuated tube
containing gel separator and clot activator for
serum samples, and one 4.0 mL evacuated tube
containing K. EDTA (Vacumed®, FL Medical,
Torreglia, Italy) using a 20 gauge needle in a
closed evacuated system (FL Medical, Torreglia,
Italy). To eliminate any possible interference
due to either the contact phase or tissue factor,
approximately 2 mL of blood were preliminar-
ily collected in a discard tube without additives
(Vacumed®, FL Medical, Torreglia, Italy). The
blood collection procedure was appropriately
standardized in each phase, as already report-
ed [20, 21], particularly regarding the sample
processing, centrifugation and serum/plasma
separation.

All the samples were assayed in a single analyti-
cal runin the same instrument according to the
manufacturer’s specifications and using pro-
prietary reagents. The panel of tests that were
performed and the instruments used by the
Center of Laboratory Medicine of the Vilnius
University Hospital Santaros Klinikos are shown
in Table 2.

The instruments were calibrated against appro-
priate proprietary reference standard materi-
als and verified with independent third-party
control materials (Liquid Assayed Multiqual®
Level 1 for routine biochemistry tests (Bio-Rad,
California, USA) and Multichem IA Plus® Level 1
forimmunochemistry assays (Technopath Clinical
Diagnostics, Ballina, Ireland)) [22].

The evaluation of the within-run precision by
the internal quality control of the instruments
used in this study showed low coefficients of
variation (Table 2).
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Table 2

Results of within-run precision by the internal quality control

used on the instruments

Part I: Clinical chemistry

eJIFCC2020V0I31No1pp028-045

Instrument Test Method BlE e IEE U
value (%)
enzymatic, Hexokinase /
Arhitect cig200, | S G-6-PDH, UV B
Abbott

Cortisol CMIA 127 nmol/L 7.4

Ins CMIA 17.1 pmol/L 6.7

C peptide CMIA 39.1 nmol/L 4.6

CHOL enzymatic, cholesterol oxidase / 2.90 mmol/L 05

cholesterol esterase
accelerator selective detergent,
HDL cholesterol oxidase / cholesterol 0.74 mmol/L 2.5
esterase
enzymatic,

TG glycerol phosphate oxidase DL a1 14

TP biuret 38.1¢g/L 0.5

Alb bromocresol green, colorimetric 0.36 mmol/L 0.4

UA enzymatic, uricase 0.21 mol/L 6.8

Urea UV, urease 2.46 mmol/L 4.0

CREA enzimatic 0.08 mmol/L 4.1

CRP latex immunoturbidimetric 8.10 nmol/L 2.6

ALP p-nitrophenyl phosphate 34.2 U/L 2.8

AMY-P enzymatic, colorimetric 23.3 U/L 4.3

AMY CNPG3 substrate 45.4 U/L 1.6

Page 31



Part Il: Hematology

XN-1000,
Sysmex

Ricardas Stonys, Valdas Banys, Dalius Vitkus, Gabriel Lima-Oliveira
Can chewing gum be another source of preanalytical variability in fasting outpatients?

AST

ALT

GGT

LD
Lip
CK
TBIL
DBIL
Phos
Ca
Mg
Fe

Na

Cl
TSH

fT4

RBC
Hct
Hb

MCV

IFCC, NADH, with P5P

IFCC, NADH, with P5P

L-Gamma-glutamyl-3-carboxy-4-
nitroanilide substrate

IFCC, UV lactate-pyruvate
quinone dye
N-acetyl-L-cysteine, NAC
diazonium salt
diazo reaction
UV, phosphomolybdate
arsenazo lll, colorimetric
enzymatic, isocitrate dehydrogenase
ferene, colorimetric
ion-selective electrode, indirect
ion-selective electrode, indirect
ion-selective electrode, indirect
CMIA

CMIA

impedance
calculated

photometric
calculated
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40.6 U/L

24.5 U/L
29.5 U/L

116 U/L

20.6 U/L

83.5U/L
11.8 umol/L
5.82 umol/L
0.61 mmol/L
1.54 mmol/L
0.77 mmol/L
12.2 umol/L
117 mmol/L
2.59 mmol/L
78.9 mmol/L
0.048 ulu/L

11.2 pmol/L

4.50 10%%/L
0.47 L/L
155 g/L

88.5 fL

7.3

1.2

3.2

0.6

8.2

4.8

1.0

7.8

0.3

0.4

4.9

4.0

0.9

1.1

1.0

11.0

3.3

8.0

0.3

0.7

0.1
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RDW calculated 152 % 0.5
WBC flourescent flow citometry 9.10 10°/L 1.5
Lympho flourescent flow citometry 2.4 10°/L 3.7
Mono flourescent flow citometry 0.8 10°/L 4.1
Neu flourescent flow citometry 5.310°/L 2.7
Eos flourescent flow citometry 0.6 10°/L 17.3
Baso flourescent flow citometry 0.33 10°/L 11.8
IG flourescent flow citometry 0.75 10°/L 16.1
Pt impedance 245 10°/L 2.2
PDW calculated 9.2 % 2.8
MPV calculated 9.8 fL 0.8
STA Compact Max, PT coagulometric, Owren 14.7 s 6.5
OIECSE SEE APTT coagulometric, silica 355s 7.7
Fbg coagulometric, Clauss 2.9¢g/L 11.1
PC chromogenic, .Agkistrodon c. 96 % 73
contortrix venom
PS latex immunoturbidimetric 62 % 12.6

IQC—internal quality control; CVa — analytical coefficient of variation; Glc — glucose; Ins — insulin; CHOL — cholesterol; HDL
— high density lipoprotein; TG — triglycerides; TP — total protein; Alb — albumin; UA — uric acid; CREA — creatinine; CRP — C
reactive protein; ALP — alkaline phosphatase; AMY-P — pancreatic amylase; AMY —amylase; AST — aspartate aminotrans-
ferase; ALT — alanine aminotransferase; GGT — gamma glutamyl transferase; LD — lactate dehydrogenase; Lip — lipase;
CK — creatine kinase; TBIL — total bilirubin; DBIL — direct bilirubin; Phos — phosphate; Ca — calcium; Mg — magnesium; Fe
—iron; Na — sodium; K — potassium; Cl — chloride; TSH — thyroid stimulating hormone; fT4 — free thyroxin; RBC — red blood
cells; Hct — haematocrit; Hb — haemoglobin; MCV — mean cell volume; RDW — red cell distribution width; WBC — white
blood cells; Lympho — lymphocytes; Mono — monocytes; Neu — neutrophils; Eos — eosinophils; Baso — basophils; I1G — im-
mature granulocytes; Plt — platelets; PDW — platelet distribution width; MPV — mean platelet volume,; PT — prothrombin
time; APTT — activated partial thromboplastin time; Fbg — fibrinogen,; PC — protein C; PS — protein S; UV — ultraviolet;
CMIA — chemiluminescent microparticle immunoassay; NADPH - nicotinamide adenine dinucleotide phosphate; NAC — N-
acetyl cysteine; IFCC — international federation of clinical chemistry and laboratory medicine.
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For assessing the statistical differences between
samples, the Wilcoxon ranked-pairs test was
used in agreement with Simundic’s [23] rec-
ommendations regarding sample size (i.e. less
than 30), with a licensed statistical software
(GraphPad Prism® version 5.01, La Jolla, CA,
USA). The level of statistical significance was set
at p < 0.05.

Presently there is a lack of harmonization on
the preanalytical methodology for evaluating a
single source of laboratory variability (e.g., im-
pact of chewing gum). Researchers use differ-
ent statistical tools to estimate bias and clinical
significance: (i) bland-Altman analysis [24]; (ii)
percentage mean difference [25] — which rep-
resents the difference between baseline and
treatment values divided by the treatment value
— the method we chose; and iii) Passing-Bablok
regression with 95% confidence intervals [26].

To calculate the percentage mean difference,
we decided to use the following formula:

mean % difference =
[(x h after chewing sugar-free gum -
basal)/x h after chewing sugar-free gum] x
100%.

Using it we could avoid the possible “false posi-
tive source of variability” since it is more sensi-
tive than:

mean % difference =
[(basal — x h after chewing sugar-free gum) /
basal] x 100%.

In this way, only strong sources of preanalytical
variability can be identified.

Finally, the mean % differences between blood
samples taken 1, 2 and 4 hours after chew-
ing sugar-free gum, were compared with the
desirable specification for imprecision (DSI)
derived from biologic variation [27]. We used
DSl as criterium of acceptable level of interfer-
ence by chewing gum in the laboratory tests;
then interferograms were provided for each

laboratory parameters with significant differ-
ence between h after chewing sugar-free gum
and basal.

Briefly, in our study design, each volunteer was
devised to be her/his own control (i.e. the re-
sults from 1, 2 and 4 hours after chewing sugar-
free gum were compared with basal-results of
the same individual). Indeed, this kind of study
design —a case-crossover study — is most suit-
able for outcomes where the induction time
is short [28], like our evaluation of impact of
chewing gum on laboratory test results. In fact,
in a case-crossover study, only cases showing
discordant exposure status in the case/control
window-of-time contribute to the effect and
thus to the measure estimation. Because cases
and controls are the sameindividuals, the prob-
lem of between-person confounders—that
anyway exists with a control group—being
constant for the characteristics, do not occur
[29]. Therefore, our design minimizes the vari-
ability that could jeopardize the preanalytical
evaluation.

RESULTS

The results of the laboratory tests are present-
ed as median [interquartile range] in Table 3.

Among all the results, statistically significant
differences between basal and x h after chew-
ing sugar-free gum were observed for the fol-
lowing parameters: cortisol, insulin, C peptide,
triglycerides, uric acid, urea, amylase, alanine
aminotransferase, lipase, creatine kinase, to-
tal bilirubin, direct bilirubin, phosphate, iron,
potassium, thyroid stimulating hormone, red
bloodcellcount, hematocrit,hemoglobin, mean
cell volume, red cell distribution width, white
blood cell count, lymphocytes, neutrophils,
and eosinophils; whereas, coagulation tests
were not impacted by chewing sugar-free gum
(Figure 1).
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Figure 1 Interferograms
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Legend of Figure 1:

A, cortisol; B, Ins — insulin; C, C-peptide; D, TG — triglycerides; E, Lip — lipase; F, CK — creatine kinase; G, urea;
H, ALT — alanine aminotransferase; |, TBIL — total bilirubin; J, DBIL — direct bilirubin; K, UA — uric acid; L, MY —amylase;
M, Phos—phosphate; N, K—potassium; O, TSH—thyroid stimulating hormone; P, RBC—red blood cells; Q, Hb —haemoglobin;
R, Hct — haematocrit; S, WBC — white blood cells; T, Neu — neutrophils; U, Lympho — lymphocytes; and V, Eos — eosinophils
Hours after the chewing the gum (x-axis) are plotted against bias values (y-axis). Solid line — bias. Dashed lines - accept-
able criteria based on desirable specification for imprecision (DSI) derived from biologic variation.

Table 3 Laboratory test results variation after chewing sugar-free gum

Part I: Clinical chemistry

Test Unit Basal 1h 2h 4h
Glc mmol/L | 4.61[4.30-4.78] | 4.60[4.31-4.77] | 4.51[4.43-4.84] | 4.49[4.32-4.71]
0.758 0.646 0.268
Cortisol | nmol/L | 290 [219 - 383] 212 [149 - 279] 215 [183 - 290] 235[172 - 292]
0.002 0.003 0.018
Ins pmol/L | 41.0[30.6 - 67.9] | 36.7 [24.9-51.8] | 34.0[24.5-55.1] | 31.6[22.0-42.9]
0.002 0.004 0.001
C nmol/L | 0.41[0.36-0.62] | 0.38 [0.33-0.56] | 0.36[0.30-0.53] | 0.33[0.26-0.46]
peptide 0.003 0.002 <0.001
CHOL | mmol/L | 4.68[4.34-5.58] | 5.59[4.32-4.46] | 5.60[4.24-5.48] | 4.68 [4.37 - 5.48]
0.641 0.673 0.962
HDL mmol/L | 1.59[1.38-1.96] | 1.58[1.35-1.92] | 1.59[1.33-1.90] | 1.57[1.32-1.88]
0.972 0.822 0.511
TG mmol/L | 0.68 [0.54 - 0.83] | 0.59[0.48-0.87] | 0.58 [0.50-0.86] | 0.74[0.57 - 0.88]
0.017 0.005 0.001
TP g/L 76.3[71.8-77.9]| 75.4[72.0-77.7) | 75.3[71.8-78.1] | 75.5[72.8 - 80.4]
0.788 0.714 0.754
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GGT
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g/L

mmol/L

mmol/L

mmol/L

nmol/L

u/L

u/L

u/L

u/L

u/L

u/L

46.3 [44.5 - 48.0]

0.33[0.25 - 0.39]

4.68 [3.75-5.79]

0.08 [0.06 - 0.09]

4.76 [2.86 - 5.81]

56 [48 - 66]

27 [21 - 35]

63 [55 - 80]

23 [17 - 29]

28 [17 - 38]

17 [10 - 22]

46.5 [44.7 - 47 .3]
0.651

0.35[0.27 - 0.41]
0.009

4.50 [3.70 - 5.64]
0.001

0.08 [0.07 - 0.09]
0.876

4.67 [2.76 - 6.19]
0.729

57 [47 - 62]
0.876

27 [21 - 30]
0.823

59 [49 - 78]
0.002

22 [20 - 28]
0.751

28 [16 - 37]
0.979

17 [10 - 23]
0.978
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46.4 [43.6 - 49.8]
0.642

0.36 [0.27 - 0.42]
0.005

4.30[3.66 - 5.51]
0.001

0.08 [0.07 - 0.09]
0.829

4.86 [2.76 - 6.67]
0.851

57 [49 - 62]
0.841

27 [20 - 31]
0.888

55 [45 - 78]
0.001

23 [19 - 29]
0.704

25 [16 - 32]
0.021

17 [10 - 24]
0.813
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46.5 [45.7 - 48.0]
0.653

0.36 [0.27 - 0.42]
0.002

4.16 [3.68 - 5.46]
0.001

0.08 [0.07 - 0.09]
0.798

4.76 [2.86 - 6.19]
0.892

57 [47 - 61]
0.865

27[21-31]
0.891

51 [40 - 68]
0.001

22 [19 - 30]
0.781

23 [15-30]
0.002

17 [10 - 24]
0.838
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u/L

u/L

u/L

umol/L

umol/L

mmol/L

mmol/L

mmol/L

umol/L

mmol/L

mmol/L

185 [161 - 200]

20 [17 - 23]

116 [71 - 130]

11.1 [8.55-12.3]

4.79 [3.59 - 5.64]

1.03 [0.94 - 1.23]

2.43 [2.42 - 2.46]

0.83 [0.79 - 0.86]

18.1[12.4 - 23.3]

140 [139 - 141]

4.15[3.91 - 4.22]

187 [163 - 201]
0.439

22 [16 - 22]
0.002

125 [79 - 145]
0.002

12.0 [8.38 - 13.7]
0.091

4.79 [3.76 - 5.64]
0.784

1.00 [0.97 - 1.17]
0.035

2.44 [2.40 - 2.47]
0.829

0.83 [0.79 - 0.84]
0.912

18.3 [12.2 - 23.1]
0.046

140 [140 - 141]
0.887

4.40[4.21-4.48]
0.003
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186 [160 - 203]
0.483

24 [18 - 26]
0.001

125 [78 - 146]
0.001

12.0 [8.21 - 14.0]
0.083

5.47 [4.10 - 6.16]
0.002

1.10[1.00 - 1.21]
0.036

2.44[2.39 - 2.47]
0.794

0.83 [0.79 - 0.84]
0.897

18.3[12.5 - 23.5]
0.047

140 [138 - 140]
0.732

4.42 [4.20 - 4.40]
0.004
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186 [160 - 199]
0.481

24 [18 - 27]
0.001

120 [80 -138]
0.021

13.7 [10.6 - 16.2]
0.002

6.17 [4.28 - 6.84]
0.001

1.20[1.10-1.23]
0.002

2.44[2.37 - 2.48]
0.817

0.83 [0.80 - 0.84]
0.849

19.5 [14.7 - 23.3]
0.005

141 [140 - 143]
0.481

4.00 [3.89 - 4.18]
0.023



cl

TSH

fT4

mmol/L

uiu/L

pmol/L

106 [104 - 106]

1.41[0.94 - 2.10]

12.9[11.7 - 13.5]

106 [104 - 107]
0.910

1.23[0.84-1.81]
<0.001

12.9[12.0-13.8]
0.752
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106 [105 - 107]
0.931

1.15[0.93-1.71]
<0.001

12.7 [11.7 - 13.6]
0.801

106 [104 - 107]
0.914

1.26 [0.95 - 1.85]
<0.001

12.7[11.9-13.9]
0.842

Part Il: Hematology

RBC

Hct

Hb

MCV

RDW

WBC

Lympho

10%%/L

L/L

g/L

fL

%

10%/L

10%/L

4.70 [4.33 - 5.20]

0.45 [0.40 - 0.46]

135 [126 - 149]

90.8 [87.3-92.0]

44.0 [41.0 - 46.0]

5.20 [4.01 - 5.74]

1.81[1.40-1.93]

4.55 [4.29 - 5.03]
0.001

0.41[0.37 - 0.46]
0.001

132 [122 - 147]
0.001

90.0 [86.8 - 91.4]
0.001

43.0 [40.2 - 45.9]
0.001

5.03 [4.18 - 5.72]
0.548

1.62[1.51-1.80]
<0.001
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4.54 [4.20 - 5.02]
0.001

0.40 [0.38 - 0.45]
0.001

130 [122 - 148]
0.001

89.1 [86.0 - 90.6]
0.001

42.1[40.0-43.9]
<0.001

5.36 [4.42 - 6.01]
0.062

1.70[1.52 - 2.03]
<0.001
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4.40 [4.25 - 4.90]
0.001

0.40 [0.36 - 0.45]
0.001

130 [121 - 147]
0.001

87.9 [85.0-90.1]
0.001

41.0 [39.3-44.2]
<0.001

6.18 [5.11 - 6.98]
0.007

1.98[1.78 - 2.31]
<0.001



Mono

Neu

Eos

Baso

Plt

PDW

MPV

10%/L

10%/L

10%/L

10%/L

10%/L

10%/L

%

fL

0.41[0.28 - 0.54]

2.64[1.98 -3.10]

0.10 [0.06 - 0.14]

0.04 [0.02 - 0.04]

0.01 [0.00 - 0.01]

228 [204 - 269]

11.2[10.0-12.0]

10.0[9.28 - 10.3]

0.41[0.29 - 0.50]
0.618

2.73[2.20-3.32]
0.041

0.07 [0.05-0.12]
0.001

0.04 [0.02 - 0.04]
0.792

0.01 [0.01-0.01]
0.759

226 [204 - 268]
0.818

11.5[9.74 - 12.1]
0.737

10.0[9.35-10.2]
0.751
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0.38 [0.29-0.47]
0.714

2.96 [2.44 -3.41]
0.031

0.07 [0.05 - 0.10]
0.001

0.04 [0.02 - 0.04]
0.859

0.01 [0.00 - 0.02]
0.893

225 [204 - 267]
0.836

11.7[9.98 - 12.4]
0.761

10.1[9.50-10.1]
0.849

0.45[0.31-0.53]
0.839

3.42[2.63-4.10]
0.001

0.07 [0.04 - 0.10]
0.001

0.04 [0.03 - 0.04]
0.817

0.01 [0.01 - 0.02]
0.848

229 [206 - 269]
0.891

11.4[10.0-12.1]
0.729

10.1[9.51-10.2]
0.772

Part lll: Coagulation

PT

APTT

S

13.0[12.6-13.2]

33.1[32.2-36.0]

13.0[12.7 - 13.3]
0.618

33.2[32.1-35.9]
0.841
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13.1[12.8-13.4]
0.684

33.0[31.6- 36.5]
0.973
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13.1[12.7-13. 3]
0.679

33.1[32.0-35.2]
0.897
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Fbg g/L 2.94 [2.53-3.12]

PC % 102 [89.3 - 120]
activity

PS % 88.3 [75.5-111]
activity

2.88[2.50 - 3.15]
0.529

100 [89.7 - 119]
0.638

87.8[75.2-111]
0.482

2.89 [2.41 - 3.22]
0.671

100 [89.9 - 119]
0.699

88.2[76.2 - 112]
0.875

2.89[2.42 -3.16]
0.541

101 [90.3 - 117]
0.594

88.7 [76.1-111]
0.897

Results are presented as median [interquartile range]. Statistically significant differences (P < 0.05) are presented in bold.
Glc — glucose; Ins — insulin; CHOL — cholesterol; HDL — high density lipoprotein; TG — triglycerides; TP — total protein; Alb
—albumin; UA — uric acid; CREA — creatinine; CRP — C reactive protein; ALP — alkaline phosphatase; AMY-P — pancreatic
amylase; AMY — amylase; AST — aspartate aminotransferase; ALT — alanine aminotransferase; GGT — gamma glutamyl!
transferase; LD — lactate dehydrogenase; Lip — lipase; CK — creatine kinase; TBIL — total bilirubin; DBIL — direct bilirubin;
Phos — phosphate; Ca — calcium; Mg — magnesium; Fe — iron; Na — sodium; K — potassium; Cl — chloride; TSH — thyroid
stimulating hormone; fT4 — free thyroxin; RBC — red blood cells; Hct — haematocrit; Hb — haemoglobin; MICV — mean cell
volume; RDW - red cell distribution width; WBC — white blood cells; Lympho — lymphocytes; Mono — monocytes; Neu —
neutrophils; Eos — eosinophils; Baso — basophils; IG —immature granulocytes; Plt — platelets; PDW — platelet distribution
width; MPV — mean platelet volume; PT — prothrombin time; APTT — activated partial thromboplastin time; Fbg — fibrino-

gen; PC — protein C; PS — protein S.

DISCUSSION

Our primary hypothesis was that chewing gum
—even sugar free — could impact the glucose
metabolism. However, the results of glucose,
cortisol, insulin and C peptide levels properly
evidenced that chewing gum lacks influence
on glucose results (Table 3); the variability ob-
served in cortisol, insulin and C peptide (Table
3, Figure 1a, 1b, 1c) could mirror cortisol circa-
dian cycle [30] (since the first blood collection
was at 8 am), and life cycle of these hormones
[31]. Studies have shown that the insulin half-
life varies between 4.3 and 9.8 min, whereas for
C peptide the half-life could vary between 11.1
and 33.5 min [32-35]. Therefore, our insulin
and C peptide results could mirror the pro-
longed fasting.

The chewing gum producer declares the follow-
ing chemical constituents of the product on the
pack label: a) sweeteners: E967 — xylitol, E420

—sorbitol, E951 —aspartame, E421 — mannitol,
E950 — acesulfame potassium, and E955 — su-
cralose; b) moisture additive: E422 — glycerol; c)
thickener: E414 — gum Arabic; d) emulsifier: soy
lecithin; e) food colouring: E171 — titanium diox-
ide; f) filler: E903 — carnauba wax; g) antioxidant:
E320 - butylated hydroxyanisole. However, the
chewing gum producer do not specify the quan-
tities of mentioned constituents, furthermore,
they do not specify the base of the gum (i.e., it
is not declared on the gum package). Probably
it is a mixture of resins, elastomers, fillers, and
plasticizers [2].

Regarding lipids profile, total cholesterol and
HDL cholesterol were not affected neither by
prolonged fasting time [8] nor chewing gum
(Table 3). However, the decrease in triglycer-
ides one and two hours after chewing gum can
mirror the gluconeogenesis and beta oxidation
process, since volunteers had fasted for 13 and
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14 hours prior to blood collections, respectively.
However, four hours after chewing gum the tri-
glycerides concentration increased and returned
almost up to the basal levels (Table 3, Figure 1d).
Since glycerol is the moisture additive declared
by the chewing gum producer (Table 1), it could
be absorbed and provide positive bias in our en-
zymatic, glycerol phosphate oxidase method for
triglyceride test. Moreover, the methodology of
quinone dye is used on Architect to determine li-
pase activity. Briefly, lipase acts on a natural sub-
strate, 1,2-diglyceride, to liberate 2-monoglycer-
ide. This is hydrolyzed by monoglyceride lipase
into glycerol and free fatty acid. Glycerol kinase
acts on glycerol to form glycerol-3-phosphate
which is in turn acted on by glycerol-3-phos-
phate oxidase to generate hydrogen peroxide.
Peroxidase converts the hydrogen peroxide, 4-
aminoantipyrine, and N-ethyl-N-(2-hydroxy-3-
sulfopropyl)-m-toluidine (TOOS) into a quinone
dye. Thus, the rate of formation of the dye is
measured as an increase in absorbance at 548
nm and is proportional to the lipase activity in
the sample. Therefore, the glycerol from sugar-
free chewing gum could potentially jeopardize
lipase results (Table 3, Figure 1e).

The oxidation of NADPH by the radical of butyl-
ated hydroxyanisole (BHA, present in the chew-
ing gum) was previously demonstrated [36, 37].
The short decryptions of the laboratory meth-
ods below could explain the variability observed
in CK, urea, and ALT (Table 3, Figure 1f, 1g, 1h).

e CK: in N-acetyl-L-cysteine (NAC) methodol-
ogy, the creatine kinase, present in the sam-
ple, catalyzes the transfer of a high energy
phosphate group from creatine phosphate
to ADP. The ATP produced in this reaction is
subsequently used to phosphorylate glucose
to produce glucose-6-phosphate (G-6-P) in
the presence of hexokinase. G-6-P is then
oxidized by glucose-6-phosphate dehydroge-
nase (G-6-PDH) with the concomitant reduc-
tion of nicotinamide adenine dinucleotide

phosphate (NADP) to nicotinamide adenine
dinucleotide phosphate reduced (NADPH).
The rate of formation of NADPH is monitored
at 340 nm and is proportional to the activity
of CK in the sample. These reactions occur
in the presence of N-acetyl-L-cysteine (NAC)
which is present as an enzyme reactivator;

e Urea:in urease methodology, two moles of
NADH are oxidized for each mole of urea
present. The initial rate of decrease in absor-
bance at 340 nm is proportional to the urea
concentration in the sample;

e ALT: in IFCC methodology, the pyruvate in
the presence of NADH and lactate dehydro-
genase is reduced to L-lactate. In this reac-
tion NADH is oxidized to NAD. The reaction
is monitored by measuring the rate of de-
crease in absorbance at 340 nm due to the
oxidation of NADH to NAD.

Moreover, Vandghanooni et al. experimentally
demonstrated that slight concentration of bu-
tylated hydroxyanisole — lower than expected
from human exposure to antioxidants in food
products, i.e. chewing gum —inhibits the growth
rate of cells by inducing apoptosis via chromatin
and DNA fragmentation [38]. Furthermore, the
xylitol in the sugar-free chewing gum could be
responsible for the increase observed in biliru-
bin, and uric acid [39, 40], and decrease in amy-
lase [41] (Table 3, Figure 1i, 1j, 1k, 11).

Similar results on phosphate, potassium and
TSH (Table 3, Figure 1m, 1n, 10) were demon-
strated by Bajana et al. [5] on volunteers af-
ter breakfast. Therefore, a question remains
partially unanswered “Is the chewing gum able
to activate digestive pathway?”. Regarding Smith
et al. [4] chewing gum is, at least partially, able
to stimulate the initial phases of gastric secre-
tion that involve essentially water and ions’
movements. Our results seem to support the
relative effect of haemoconcentration as de-
duced by red blood cell count, haemoglobin and
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hematocrit decrease, an effect that appears re-
versible with time according to the physiological
process of digestion (Table 3, Figure 1p, 1q, 1r).

Moreover, fake feeding-induced gastric secre-
tion due to chewing gum is probably responsible
for the white blood cell count and neutrophils
increase, with lymphocytes and eosinophils de-
crease observed in our study (Table 3, Figure 1s,
1t, 1u, 1v) as reported by Koscielniak et al. after
a normal meal [42]. On the contrary the sugar-
free chewing gum does not have impact on rou-
tine coagulation tests (Table 3).

In conclusion, based on the variability evidenced
above, we recommend instructing the patients
to avoid the use of chewing gum before blood
collection for laboratory tests.

O % % o% %
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specimen handling, temperature, A total of thirty healthy adults were studied. The se-

total quality management rum/plasma samples were centrifuged at 2000g for 10
minutes. Immediately after centrifugation, the serum/
plasma analytes were assayed in primary tubes using
a Cobas c501 analyzer (T0); the residual serum/plasma
was stored at either 2-8°C or -20°C for 15 (T15) and 30
days (T30).

Mean concentrations changes in respect of initial con-
centrations (T0) and the reference change values were
calculated. For assessing statistical difference between
samples, the Wilcoxon ranked-pairs test was applied.
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Results

We evidenced instability for total bilirubin, uric
acid, creatinine and glucose at T15 and T30 and
stored at -20°C (p<0.05). However, potential clin-
ical impact significance were observed only for
total bilirrubin T30 at -20°C, and creatinine T30
at 2-8°C.

Conclusions

Our results had shown that storage samples at
-20°Cis a better way to preserve glucose, cre-
atinine, and uric acid. Therefore, laboratories
should freeze their samples as soon as possible
to guarantee proper stability when there is need
to repeat analysis, verify a result, or add a labo-
ratory testing.

00 0% o% o% <%
0’0 0’0 0.0 0.0 0.0

INTRODUCTION

Since the 1960s, the study of analyte stability
has been considered a critical aspect for labo-
ratory medicine, since variations due to lack or
reduced stability reflect on the results of labo-
ratory tests employed for taking clinical or ther-
apeutic decisions for patients (1,2).

The stability of an analyte in clinical biochem-
istry can be defined as “the space of time in
which it maintains its value within established
limits, by storing the sample in which the ana-
lytes are analyzed under certain specific condi-
tions” (3,4). Currently, between 60-80% of med-
ical decisions are based on the results obtained
by the laboratory (5).

Moreover, it is well known that the pre-analyti-
cal phase is most susceptible to errors possibly
leading to the unexpected variations of labora-
tory testing in biological samples; indeed, it is
considered responsible for approximately 70%
of the total errors in clinical laboratories (6).

Laboratories should use to quantify the ana-
lytes fresh serum or plasma in order to avoid

degradation. However, the use or re-use of pri-
mary samples previously obtained from patients
can be needed in the following situations:

i) due to delay in the analysis procedure;

ii) to confirm or to check a previously obtained
value;

iii) to add new quantifications of missing
analytes.

Therefore, this may lead to false concentration
measurements (7), in case of uncontrolled stor-
age conditions. On other occasions, the samples
are transferred from more or less distant places,
and under different storage conditions until the
moment of the analysis; which several times do
not correspond to quality standards (i.e., tem-
perature control) (8,9). All of this causes the ma-
trix analysis to undergo changes or degradation
processes, which can be cumulative over time
and possibly leading to alterations of original
sample results (10).

Prolonged contact of plasma or serum with cells
is a common cause of variability on test results
(11). Plasma and serum should preferably be
separated from cells as quickly as possible to
avoid the ongoing metabolism of cellular con-
stituents, as well as the active and passive move-
ments of analytes between plasma or serum and
cell compartments (12) This study was planned
to verify the stability of K.EDTA-plasma and se-
rum on different storage conditions.

MATERIALS AND METHODS

Blood samples were obtained from 30 healthy
adult laboratory workers (20 women and 10
men; average age was 33 [21-50] years), after
signing informed consent. The inclusion criteria
were not to suffer from infectious or chronic dis-
eases, not to be on antibiotic treatment or any
other medication for any acute illness. Moreover,
12 hour overnight fasting was required (13, 14).
Blood samples where obtained in the morning
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Tests Method
Glucose Enzymatic Colorimetric — Hexokinase
Creatinine Kinetic Colorimetric Assay - Jaffé
(2-compensated method)
L Enzymatic colorimetric test -
Uric acid . .
Uricase —Peroxidase

Total Bilirubin Colorimetric assay — DPD (Diazonium salt)
Direct Bilirubin Colorimetric assay — DPD (Diazo reaction)

IQC assigned | CVa CVi
values (%) (%)

5.78 mmol/L 2.2 5.6

90.5 umol/L 4.6 5.9

269 mmol/L 1.5 8.6

17.8 umol/L 4.0 21.8

17.1 umol/L 3.2 36.8

by two phlebotomists with a puncture of the
anterior bend of the elbow using the multiple
extraction device (Vacuette®), Vacuette® 21G
needle: 2 evacuated tubes with K3EDTA (4 mL),
and 2 with clot activator and gel separator (8
mL), for plasma and serum collection respec-
tively; samples were mixed by gently inversion
(15). The tubes were placed vertically in a rack
for 30 minutes at room temperature (24 °C) and
then centrifuged at 2000 g for 10 minutes. All
samples were not hemolyzed, icteric or lipemic.

In the primary serum and K.EDTA-plasma tubes
(TO, used for reference measurement), five clin-
ical chemistry analytes — glucose, uric acid, cre-
atinine, direct bilirubin and total bilirubin —were
guantified in duplicate on Cobas® c501 autoan-
alyzer from Roche Diagnostics (Germany). The
equipment was previously calibrated and con-
trolled according to our own analytical quality
assurance procedure established by the labora-
tory’s management system in NetLab (Synlab
Ecuador) Accredited Specialty Laboratory under
ISO 15189 standards (Table 1) (16).

Serum and plasma samples were aliquoted in
sterile plastic tubes with lids. Two aliquots of
serum and two aliquots of plasma were stored

at 2-8°C and two aliquots of serum and two ali-
quots of plasma were stored at -20°C. Therefore,
four aliquots per patient and per matrix were
stored for 15 days (T15) and 30 days (T30), this
process prevents freeze-thawing of the samples
in each analysis. Moreover, all aliquots were
protected from light. Prior to the experimen-
tal stability measurements, the aliquots were
placed at room temperature (24 °C) for 45 min-
utes to thaw and then the five biochemical pa-
rameters in serum and plasma were analyzed
at the same time, with the same methodology
and under the same conditions as the reference
measurement (T0).

The mean and standard deviation were calculat-
ed for each analyte. The coefficient of variation
(CVa%) of each analyte was the cumulative of
the internal quality control data (last six months)
(17,18), using third-party control materials-
independent from calibrator materials-either
(19). For assessing statistical difference between
samples, the Wilcoxon ranked-pairs test was
used. Difference % mean was calculated using
the formula:

(T.x - T } .
“/(Tﬂ}.x 100,

Page 48
eJIFCC2020Vol31No1pp046-055



Carlos Fernando Yauli Flores et al.
Sample management: stability of plasma and serum on different storage conditions

T, Initial median value

T: Median value of the measured values at T15
or T30

Finally, the reference change value (RCV) was
applied for the analysis of the potential clinical
impact.

The following formula was used for its calcu-
lation:

RCV =2 x 2 x(cva® + cvi*)"”

It corresponds to the square root of 2, the sta-
tistic Z=1.9 (obtained from the normal distri-
bution table, with a 95% confidence) and the
coefficient of intra-individual biological varia-
tion (CVi) of the analyte being assayed (20). The
last factor is the laboratory’s own coefficient of
analytical variation (CVa%). When the mean per-
centage difference of an analyte is less than the
RCV calculated, one infers that there are no er-
rors in the last quantification; whereas if mean
percentage difference is bigger than the RCV
calculated, this mirror potential clinical impact;
in our study it refers to instability of the analyte
evaluated.

The difference between serum and K_EDTA-
plasma were evaluated by paired t-test on TO.
The collected data were processed in a data
matrix in Excel (Microsoft) and statistical analy-
sis were performed with the program SPSS v.18
(SPSS Inc.).

RESULTS

We evidenced instability for total bilirubin, uric
acid, creatinine and glucose at T15 and T30 and
stored at -20°C (p<0.05). However, potential
clinical impact significance were observed only
for total bilirubin T30 at -20°C, and creatinine
T30 at 2-8°C. Statistical analysis of serum versus
K,EDTA-plasma did not show significant differ-
ence (p>0.05); Table 2.

DISCUSSION

The results of this study showed that the concen-
trations of the analytes in serum and K3EDTA-
plasma were equivalent. Our results regarding
differences between serum and plasma were
similar with other studies (21,22), also if they
used heparinized plasma instead of K3EDTA-
plasma. In the past, uncertainty regarding the
stability of serum analytes was a major concern
because serum has been the preferred specimen
by most laboratories. However, the serum speci-
mens have several inherent problems, such as
the time necessary for clot formation: at least 30
minutes (12, 23, 24). Several studies prefer lithi-
um heparin plasma for the analysis of routine
clinical chemistry (11, 25), particularly for the
analysis of certain analytes (i.e., phenytoin) (21).

The inclusion of K3EDTA-plasma in our study is
due to the observed need to obtain data in this
matrix. Inpatients with hypovolemic shock gen-
erally require biochemical and hematological
tests, however is difficult to obtain the number
of samples and volume necessary for these an-
alytical tests (whole blood for hematology and
serum for chemistry).

Therefore, in these clinical conditions, it could
be enough to take a single tube of blood sample
(i.e., K,EDTA) for the required tests. Obviously,
electrolytes cannot be measured in this sample
matrix, since EDTA is an important chelate (26).

The World Health Organization further states that
heparin plasma samples either are not recom-
mended for all analytical methods that include
glucose and others (27). Over time, several stud-
ies support the fact that serum is preferred as the
matrix analysis by most clinical laboratories (28).

Boyanton & Blick evaluated the stability of 24 an-
alytes in serum and plasma where several analyt-
es remained stable in both matrices for a period
of 56 hours; the greatest change was observed
for direct bilirubin (12).
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Our results had shown concentrations decrease
on total bilirubin and direct bilirubin. However,
this change could be produced by photo degra-
dation (29).

Similar data were found by Tambse et al., who
reported 10% variation for bilirubin in samples
stored for 18-20 days at 4-8°C; whereas glucose,
uric acid and creatinine showed an increase
concentration over time (30).

A further study by Heins et al. reports that, from
22 analytes studied in serum, bilirubin stored at
room temperature for 7 days had the greatest
variation in concentration (31). Despite this, they
conclude that all concentrations of the analytes
studied including uric acid, creatinine and biliru-
bin are stable for four days in serum samples that
were separated from the cells and stored at 9°C
(31); whereas our results were different (Table 2).

Probably the increased concentrations observed
in our study is due to evaporation of the sam-
ples stored. Similar results were evidenced by
Alcaraz et al., after stored serum samples at 4°C
for 5 days (32).

Only creatinine presented a potential clinical
impact in T30 at 2-8°C (Table 2). In contrast with
previous study described by Kachhawa et al.,
who report no clinical differences in creatinine,
and uric acid concentrations between the mean
values of day 1 and T7, T15 and T30 stored at
-20°C(33). Thus demonstrating that the optimal
storage condition is obtained by freezing the
biological samples, since it could decrease the
activity of some proteolytic enzymes that can
alter the structure of the analytes (34).

Monneret et al. had shown good samples stabil-
ity for 3,4, 5, and 6 hours at room temperature in
total blood and plasma (lithium heparin) for cre-
atinine, total bilirubin and uric acid testing (25).

The analysis of the potential clinical impact in
plasma at T15 and T30 stored at -20°C showed
no significant difference for glucose, uric acid

and direct bilirubin; demonstrating that the vari-
ations in concentrations are equivalent to the
concentrations found in serum.

These results are consistent with those reported
by other researchers (2, 21, 35, 36). Therefore,
its necessary for each laboratory to evaluate
the specific conditions and to define the storage
time for any analyte to guarantee the stability.
This will properly lead physicians to perform di-
agnostic, follow up, or therapeutic management.

In conclusion, our results had shown that stor-
age samples at-20°Cis a better way to preserve
glucose, creatinine, and uric acid. Therefore,
laboratories should freeze their samples as soon
as possible to guarantee properly stability when
there is a need to repeat analysis, verify a result,
or add a laboratory testing.

O0 0% o% % <%
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ABSTRACT

Urinalysis is one of the most important tests in the
clinical laboratory. In this study we assessed the use of
chemical preservative in urinalysis during preanalyti-
cal phase. Fifty first morning urine samples from medi-
cal laboratory patients were collected and stored with
and without chemical preservative.

Difference between medians were analyzed using
Wilcoxon signed rank test for glucose, bilirubin, ke-
tones, specific gravity, erythrocytes, pH, proteins, ni-
trites, leukocytes using urine strips; and on leukocytes,
erythrocytes, epithelial cells, and bacteria in the uri-
nary sediment, at 90 minutes after sampling.

Our results showed that the specific gravity and the
pH values increased in samples with chemical preser-
vative in urine strip tests.

Concerning urinary sediment analysis no differences
were observed in the studied parameters between
samples with and without chemical preservative. We
suggest that the effect on urine pH is due to the chem-
ical nature of the substances in the preservative.
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Thus, we caution about the use of chemical pre-
servatives in samples to be analyzed within short
time (i.e. less than 1.5 - 2 hours) after sample
collection. Avoid chemical preservatives, in this
situation, could help avoid changes in the pH and
specific gravity, which could eventually help in
maintaining quality in the preanalytical phase of
urinalysis.

CIOR K K AR )
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INTRODUCTION

Urinalysis is one of the most important tests in
the clinical laboratory [1, 2]. Urine contains an
enormous amount of information linked to pa-
tient’s health [3, 4]. The laboratory process con-
sists of three phases: the pre-analytical, analyti-
cal and post-analytical phases [5].

The preanalytical phase covers all the procedures
before the sample reaches the laboratory to be
examined [6, 7]. It encompasses all the steps
from sample collection to sample delivery for
analysis. Moreover, a pre-preanalytical phase is
to be considered mainly related to patient prepa-
ration before sample collection [8].

Although most efforts to improve the efficiency
in urinalysis have been focused on the analytical
phase thus underestimating the preanalytical
one, it has been evidenced that up to 60% of er-
rors still occur in the preanalytical phase [9, 10].
In any case the improvements of the analytical
phase through automation have led to reduc-
tion of up to 10 times the error rate [11,12].

When dealing with urinalysis, both pre-prean-
alytical and preanalytical phase are to be re-
garded as critical for the appropriateness of the
whole analytical process [3].

As for patient preparation there are several con-
ditions to satisfy that include information on diet,
exercise, possible contamination to be avoided
by genital cleaning prior to specimen collection,
sample collection time (first or second in the

morning or casual collection), stream portion of
collected sample (first, mid, last), type of sample
whether spontaneously collected or by catheter-
ization [1].

One major issue with urine specimens is contam-
ination and consequent microbial growth when
sample analysis is delayed due to transportation
time. This problem is dealt with by sample refrig-
eration [13] or by adding chemical preservatives
to the urine sample [14].

The use of chemical preservatives has been rec-
ommended due to its ability to keep bacterial
populations stable for up to 24 hours [9, 10]. In
this sense, the aim of this study is to determine
the impact of chemical preservative in urine
samples.

METHODS

Study design

Fifty urine samples (first morning urine) from
the Autonomous University of San Luis Potosi’s
medical laboratory were included in the analyti-
cal study. The BD Vacutainer® Urinalysis Cup Kit
was used to collect the sample, which includes
a cup to obtain the sample, and a conical tube
with sodium propionate 94%, ethyl paraben
5.6% and chlorhexidine 0.4% as preservative.

Patients were asked to transfer urine to the
tube with a preservative after collecting the
urine sample, and the remaining sample from
the cup was also delivered to the laboratory,
which was considered as a urine sample without
preservative.

This work was performed following the current
international ethical guidelines involving hu-
man beings for research purposes, adopted
by the Declaration of Helsinki [15]. Also, all the
participants gave informed consent approved by
the Research Ethics Committee from Faculty of
Chemistry Science of the Autonomy University
of San Luis Potosi (CEID2019-011).
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Analysis of urine strips

The standardized chemical analysis for the follow-
ing parameters: glucose, bilirubin, ketones, spe-
cific gravity, erythrocytes, pH, proteins, nitrites,
leukocytes was performed on the urine samples
using Multistix® 10 SG test strips, and the auto-
mated reading system CLINITEK Advantus, both
from SIEMENS.

The methods of analysis for each parameter evalu-
ated with urine test strips are shown in Table 1. The
analytical performance was verified with SIEMENS
CheK-Stix® Combo Pak Control strips for Urinalysis.

Analysis of urinary sediment

The parameters observed in the urinary sedi-
ment were leukocytes, erythrocytes, epithelial
cells, mucin filaments, crystals and bacteria.

The procedure for urinary sediment analysis was:
8 mL of first morning urine was placed in a con-
ical tube and centrifuged at 400 g for 5 minutes
[16, 17]. After discarded 7.5 mL of the supernaplL
of this re-suspended pellet was placed on a slide,
covered with a coverslip (18 x 18 mm2) then ob-
served under the microscope using 100X and 400X
objective [18].

Parameter Method
Glucose Glucose oxidase
e Union of bilirubin with dichloroaniline diazotized
Bilirubin ) . .
in an acidic medium
Colorimetric reaction between acetoacetic acid
Ketones . .
and nitroprusside
e . Change of pKa in polyelectroliters in relation
Specific gravity & P . _p y .
to ionic concentration
Hemoglobin pseudoperoxidase activity that catalyzes
Blood the reaction of diisopropylbenzene dihydroperoxide
with 3, 3’, 5, 5’-tetramethylbenzidine
H Combination of methyl red and blue bromothymol that react
P with hydrogen ions
Protein Protein error of indicators
Reaction of p-diethylaminobenzaldehyde
Urobilinogen . p — . ! - ¢ . i
with urobilinogen in acidic medium
Nitrites Griess assay principle. The reaction reveals the presence of nitrite and
therefore, indirectly, the existence of bacteria forming it in the urine
Leukocytes Esterases that catalyze the hydrolysis of the pyrrolic amino acid ester
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Statistical analysis

For the statistical analysis the Wilcoxon signed
rank test was used to evaluate the difference
between urine samples with and without chem-
ical preservatives; the established statistical sig-
nificance was set at p £0.05. The statistical pack-
age used was the software SPSS Statistics® 20.

RESULTS

We found that the urine samples with chemical
preservative showed higher values of specific
gravity and pH in comparison with the samples
without chemical preservative. As for the remain-
ing parameters no differences were observed be-
tween the medians of samples with and without
chemical preservative. And in addition to this, we
did not observe significant differences between
the figurate elements of the urinary sediment in
the presence or absence of chemical preserva-
tive (Table 2).

DISCUSSION

In this work we evaluated the effect of chemical
preservative in the preanalytical phase and we
found that the specific gravity and the pH were
both lowered in the absence of chemical pre-
servative at 90 minutes after sample collection.
Chemical preservatives are available to main-
tain sample integrity without cell lysis, to avoid
bacterial growth, or in vitro crystal formation
[9,14,19]. Moreover, preservatives can affect
some parameters such as leukocyte esterase,
glucose and proteins [20, 21, 22].

According to the increase of the pH and specific
gravity values in the samples with chemical pre-
servative (Table 2), the question arises if such
changes regarding pH and specific gravity are
clinically relevant, thus being able to influence
the interpretation of urinalysis. For example, one
possible implication of increased specific gravity
due to preservative could jeopardize the diag-
nosis of pseudohyposthenuria in the pediatric

population, whose values of specific gravity are
lower than normal children [23, 24]. In addition,
the pH may affect the concentration of certain
urinary parameters [21].

Although samples without chemical preserva-
tive showed a reduced specific gravity in respect
of added preservative, when evaluating the fig-
urated elements such as cells and microorgan-
isms, we did not find any differences between
the samples with or without chemical preserva-
tive (Table 2).

Therefore, we can say that although the chem-
ical preservative increased specific gravity, this
did not affect the microscopic analysis of urine.

It has been reported that most of the parameters
evaluated during urinalysis depend strongly on
the time window between sampling and analy-
sis. Moreover, morphological studies showed a
higher reproducibility when time was between
1 and 2 hours [25]. Thus, the use of chemical
preservative is recommended for those samples
that will be processed after two hours of collec-
tion [21,22].

The optimal time for performing the urinalysis
and the impact of the chemical preservative on
urine samples has been previously studied by
Dolscheid-Pommerich et al. [26]. They found a
significant decrease in concentrations of eryth-
rocytes and leukocytes between 90 and 120 min-
utes after sample collection, in samples stored
at room temperature [26]. However, they did
not find changes in pH and specific gravity be-
fore 120 minutes of collection; the authors rec-
ommend 90 minutes, as an optimal time for the
urinalysis to be performed after the collection of
the sample [26].

On the other hand, the changes that chemical
preservatives can cause on the different pa-
rameters of urinalysis have also been studied;
Delanghe et al., described that chlorhexidine can
causes an alteration in glucose and pH parame-
ters [21].
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We suggest that the effect on urine pH (Table 2)
is due to the chemical nature of the substances
in the preservative and that this change in pH is
related to the increase in specific gravity, thus
explaining possible changes in these param-
eters even in short time windows.

In conclusion, given the unclear consensus
on the optimal time for the use of chemical

preservatives, and based on our findings, we cau-
tion about the use of chemical preservatives in
samples to be analyzed within short time (i.e. less
than 1.5 - 2 hours) after sample collection.

Avoid chemical preservatives, in this situation,
could help avoid changes in the pH and specific
gravity, which could eventually help in maintain-
ing quality in the preanalytical phase of urinalysis.

Table 2 Impact of chemical preservative in urine samples

Parameter

Frequency (N = 50)

Samples with chemical
preservative

Samples without chemical
preservative

Glucose
Absent 49/50 49/50
>0.05
100 1/50 1/50
Bilirubin
Absent 50/50 50/50 > 0.05
Ketones
Absent 50/50 50/50 > 0.05
Specific gravity
1.005 1/50 4/50
1.010 7/50 4/50
1.015 3/50 7/50 0.001
1.020 11/50 13/50
1.025 13/50 9/50
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1.030 15/50 13/50
Blood
Absent 39/50 37/50
Erythrocytes
10 6/50 9/50
Free hemoglobin
>0.05
10 1/50 0/50
25 2/50 2/50
80 1/50 0/50
200 1/50 2/50
pH
5.0 1/50 17/50
6.0 39/50 26/50
0.001
6.5 9/50 5/50
7.0 1/50 2/50
Proteins
Absent 49/50 50/50
>0.05
<30 1/50 -
Urobilinogen
0.2 50/50 50/50 >0.05
Nitrites
Absent 45/50 45/50
>0.05
Present 5/50 5/50
Leukocytes
Absent 42/50 44/50
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15 2/50 1/50
70 5/50 4/50 >0.05
125 1/50 1/50

Microscopic analysis

Leukocytes/high power field

0-5 44/50 44/50
6-10 5/50 5/50 >0.05
11-25 1/50 1/50

Erythrocytes/high power field

0-2 49/50 49/50
> 0.05
6-10 1/50 1/50
Epithelial cells
Absent 20/50 20/50
Low 24/50 25/50
> 0.05
Moderate 5/50 4/50
Abundant 1/50 1/50
Mucin filament
Absent 15/50 15/50
Low 24/50 24/50
> 0.05
Moderate 9/50 9/50
Abundant 2/50 2/50
Bacteria
Low 38/50 38/50
Moderate 6/50 6/50 > 0.05
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Abundant 6/50 6/50
Crystals
Absent 37/50 36/50
Low 9/50 10/50
> 0.05
Moderate 3/50 3/50
Abundant 1/50 1/50
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Pseudothrombocytopenia by ethylenediaminetetra-
acetic acid (EDTA) is an infrequent phenomenon of
in vitro platelet agglutination due to the presence of
antiplatelet autoantibodies. It has no clinical signifi-
cance, but misdiagnosis may lead to clinical or thera-
peutic decision-making. In this study, we report a case
of an 8-year-old boy with no history of platelet disor-
der presenting a low platelet count and a peripheral
blood smear showing clumping of platelets by EDTA.
The initial diagnosis hypothesis was of an idiopathic
thrombocytopenic purpura, and an unnecessary bone
marrow aspirate was made even though he did not
have personal or family history of bleeding. A sec-
ond sample collected in sodium citrate confirmed the
pseudothrombocytopenia by EDTA. In conclusion, the
laboratory should enhance a strong relationship with
clinicians trying to avoid misunderstandings as that
reflected in this case report. It should be reminded
that, in those cases where a pseudothrombocytope-
nia by EDTA is suspected, a blood smear is mandatory
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to confirm platelet clumps and blood must be
tested anticoagulated with another anticoagu-
lant (i.e., sodium citrate or heparin).
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INTRODUCTION

Several preanalytical factors could impact plate-
lets evaluation and jeopardize patient safety (1).
Therefore, laboratory professional should guar-
antee preanalytical procedures to avoid the fol-
lowing source of platelets variability:

e improperly fasting time (2,3)

e improperly tourniquet application time (4,5)
e unstandardized patient posture (6)

e improper order of evacuated tubes (7,8)

e improper blood venous sampling (9)

According to the World Health Organization
(WHO), patient safety is the absence of pre-
ventable harm to a patient during the process
of health care and reduction of risk of unneces-
sary harm associated with health care to an ac-
ceptable minimum (7). The work in healthcare
services should focus in the culture of patient
safety, understanding that the problem is often
a succession of several oversights or errors, from
which we can learn and implement solutions to
prevent them in the future.

Ethylenediaminetetraacetic acid (EDTA) is a cal-
cium chelator (10), widely used as an anticoagu-
lant for a complete blood count test because it
generally does not distort blood cells. The term
pseudothrombocytopenia by EDTA define a low
platelet count in patients without any bleeding
tendency, and platelet distribution curve that in-
dicates platelet aggregation (11). Moreover, the
patient should present a normal platelet count if
a different anticoagulant is used (12). The aim of
this report is to show that a pseudothrombocyto-
penia by EDTA can jeopardize the patient safety.

CLINICAL-DIAGNOSTIC CASE

An 8-year-old boy was referred to paediatric on-
co-haematology for presenting a two-year evo-
lution thrombocytopenia with a platelet count
below 20x103/uL (Reference Interval: 130-
400x103/uL) with normal values of white blood
cells (WBC) and haemoglobin (Hb) (Table 1). He
did not have a significant past medical history,
besides his familial hypercholesterolemia, and
his clinical examination was unremarkable.

The initial diagnosis hypothesis was of an idi-
opathic thrombocytopenic purpura even though
he did not have personal or family history of
bleeding. A bone marrow aspirate was made,
with no significant anomalies in the sample
obtained. It was described as a normocellular
marrow, showing trilinear haematopoiesis, with
a preserved myeloid/erythroid ratio and a meg-
akaryocytic series without significative dysmor-
phias. At that moment the clinician realized that
there was a commentary on the platelet count re-
marking the presence of plentiful platelet clumps
in all the previous laboratory reports. The com-
plete blood count was repeated in the emergen-
cy laboratory. The platelet count was of 16x103/
pL together with a platelet clumps alarmin the
automated cell counter (Advia 2120, Siemens
Medical Solutions Diagnostics, Los Angeles, CA,
USA), without alterations in the other two hae-
matological series (Table 1). Given this result, a
peripheral blood smear was made, and multiple
platelet clumps were observed (Figure 1). This
was remarked in the laboratory report and a new
sample was collected using an evacuated tube
with 3.2% sodium citrate, as anticoagulant ad-
ditive (BD Vacutainer). The platelet count in this
sample was normal (Table 1) and this result was
discussed with the clinician. Physicians decide to
perform a new blood collection with both anti-
coagulants 14 days after these results to confirm
the pseudothrombocytopenia by EDTA (Table 1).
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Figure 1

Peripheral blood smear from blood sample collected with EDTA
(May-Griunwald-Giemsa stained) observed in optical microscopy

Note: Arrows indicate platelet clumps at 400X (A) and at 1000X magnification (B).
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ABSTRACT

The immunoassays methods need avoiding interfer-
ences that can influence result interpretation. Main
sources of interference arise from either patient sta-
tus, preparation and physiology or laboratory process
and procedures.

The aim of this non-systematic critical review is to
highlight the preanalytical interferences on laboratory
immunoassays.

Blood hormone profile changes according with age
and depending on sex: these are important variables,
mainly in newborn, during both sexual maturation
and childbearing. Gonadotropins FSH and LH show a
sharp increase with age in females, whereas in males
LH appears rather stable. With age both males and fe-
males show progressive decay of the hormone profile.
Stress causes variations, as it influences GH, prolactin,
cortisol and the total/free ratio of thyroid hormone.
Diurnal variations, day of cycle, influence by estrogens
on thyroid hormone are relevant for result variability.
Paraproteins and autoantibodies can interfere in some
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assays particularly drug, vitamin D and thyroid
hormone. As regards the variables due to sam-
ple matrix, and to evacuated tubes components,
some additives and anticoagulants have been re-
ported to influence specific assays, e.g. thyroid
hormone. Hemolysis, lipemia and bilirubin cause
interferences on specific techniques/tests, e.g.
ferritin, TSH, Vitamin B12, progesterone and folic
acid. Nicotine and cocaine addictions interfere
with some hormones. Thus, laboratory profes-
sionals should be aware of preanalytical prob-
lems particularly important when dealing with
the immunoassays, by taking appropriate actions
to avoid any relevant interferences.

00 0% o% o% <%
0’0 0’0 0.0 0.0 0.0

INTRODUCTION

The immunoassays methods employ antibodies
showing high affinity for epitopes on antigens in
order to both detect them with high specificity
and make the immune reaction detectable and
measurable, using a range of indicator reactions
or labels. Due to the nature of immune reac-
tions, well-controlled conditions are needed in
order to avoid non-specific binding. When ana-
lyzing biological samples such as serum or plas-
ma (usual laboratory matrices), interferences are
also possible due to similar compounds, such as
other proteins presenting like epitopes (1).

All the above analytical interferences can ac-
count for several technical problems. Moreover,
pathophysiological variables can also confound
the interpretation of e.g. the pituitary-thyroid
axis interaction (2). Generally, TSH-independent
states are observed when the disorder affects
primarily the thyroid gland, but there are non-
thyroid conditions that can alter the interaction
and confound the diagnosis, such as trophoblas-
tic tumors, struma ovarii, and generalized resis-
tance to thyroid hormone or selective organ re-
sistance to thyroid hormone. Besides, there are
TSH-dependent variables due to inappropriate

TSH secretion or lack of secretion such as pi-
tuitary adenoma, resistance states to thyroid
hormone (generalized or pituitary), psychiatric
states, smoking, and malabsorption. Besides,
there are physiological variables, as follows: cir-
cadian rhythm, seasonal influences, environmen-
tal influences, exercise, posture, and pregnancy.

Furthermore, dealing with thyroid, latrogenic
causes should always be considered, taking into
account: prior thyroid treatment (surgical or
medical), drug therapy (systemic or local), and
plasmapheresis. Regarding pituitary function,
some physiological variables can induce modi-
fications to the pituitary secretion, as follows:
age, travel (that influences both pituitary and
adrenal functions), circadian rhythm and pulsa-
tile release, seasonal influences, environmental
influences, exercise, stress, and posture (3).

Moreover, there are pathophysiological variables
acting on pituitary, such as malnutrition, starva-
tion, lifestyle (e.g. smoking increases secretion;
whereas alcohol reduces secretion), blindness
(that causes loss of hypothalamic pituitary axis
stimulation), and drugs (4).

Adding to the above issues, clinical laboratories
should be aware of preanalytical problems that
are particularly relevant when dealing with the
immunoassays. The preanalytical phase is the
major source of laboratory variability.

The most common preanalytical variables (Fig-
ure 1) could be classified in:

i) patient status and physiology (5);
ii) patient preparation (6-11); and
iii) laboratory process/procedures (12-18)

The collection of liquid biological specimens by
evacuated tubes is usual practice in healthcare
and in veterinary care settings (19). The aim of
this non-systematic critical review is to highlight
the preanalytical interferences on laboratory im-
munoassays. To enrich the argument, we also
provide an additional evacuated tube verification.
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Figure 1 Preanalytical sources of laboratory interferences
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CAUSES OF PREANALYTICAL
INTERFERENCES ON LABORATORY ASSAYS

Lipemia, bilirubin, and hemolysis interference

Lipemia may interfere the antigen-antibody pre-
cipitation leading to falsely high results, where-
as high bilirubin per se can cause spectral in-
terferences in immunoassays with absorbance
measurement readings at about 450-460 nm.

Hasanato et al., assessed the interference of pro-
gressively increasing amounts of hemoglobin,
bilirubin and lipids added to sera on a series of
immunoassays. The following immunoassays:
ferritin, TSH, Vitamin B_,, progesterone and fo-
lic acid, all showed variable degrees of interfer-
ence. It was observed that ferritin and TSH levels
were overestimated in direct relationship with
hemolysis, whereas Vitamin B_, progressively de-
creased. Progesterone levels decreased with in-
creasing lipemia. Folic acid levels decreased with
increasing bilirubin (20). Free hemoglobin, at dif-
ferent concentrations (g/L), has shown various
levels of interference on different methods for

anti-HIV-1 antibody detection, either immuno-
chromatography (at 5.7 g/L), or enzyme-immu-
noassay (at 86 g/L), or chemiluminescence (at
115 g/L) based methods. Lipemia did not show
any interference (21). The effects of hemolysis (H
index range 0-1000), icterus (I index range 0-40)
and lipemia (L index range 0-1000) were evaluat-
ed on three acetaminophen assays, respective-
ly the Syva® EMIT®, the Microgenics DRI® assay,
and the Roche assay on a Roche cobas® c501
or an Integra 800 analyzer. No interference was
observed due to hemolysis and icterus on Syva®
EMIT® and DRI® assay, whereas interference was
marked on Roche assays; whereas lipemia was
less evident on Roche than on Syva® EMIT® and
DRI® assay (22).

Saracevic et al. reported interferences on resis-
tin and myeloperoxidase immunosorbent assays
from BioVendor. Both resistin and myeloperoxi-
dase levels showed significant biases at 1 g/L of
free hemoglobin (58.7% and 66.7%, respectively)
and at 4.66 mmol/L triglycerides (33.8% and
12.2%, respectively) (23).
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Variables regarding patient
status and physiology

Age and sex are particularly important for inter-
preting the results of hormones, mostly when
considering the ample range of variations shown
by several hormones during the life, from new-
born to adult age. Each newborn shows the in-
fluence of the maternal hormones that mainly
pass through placenta during pregnancy and
can influence some physiological responses in
babies, particularly as regards thyroid function
(24). Even during the breast feeding there is
passage of hormones from mother to newborn
through the milk, particularly of hormones that
are needed for regulating infant growth (25, 26).

With age progression the blood hormone pro-
file changes accordingly and depending on
sex, showing the effects both of sexual matura-
tion by the relevant hormone levels and of the
stature lengthening by the growth hormones.
Gonadotropins FSH and LH show sharp increase
with age in females, whereas in males LH ap-
pears rather stable. FSHis far higherin females
than in males, particularly during puberty (27).
Moreover, serum concentrations of thyroid hor-
mones are reportedly different between males
and females and for age groups in white children/
adolescents (28).

During maturity, the main hormone changes are
shown at menopause by the sexual hormones
in females. The hormone replacement therapy
is used as a prevention treatment for women at
the onset of menopause (29). The parallel an-
dropause is a condition due to low plasma tes-
tosterone in conjunction with symptoms of re-
duced sexual function (30). With age both males
and females are implicated by a progressive de-
cay of the hormone profile, with some aspects
regarding particular hormones such as the thy-
roid ones that should be carefully considered,
since critical for several metabolic functions of
the body (31).

The female sex hormones show variations during
the menstrual cycle depending on the length of
the cycle (32). Important information to be gath-
ered before blood collection regards exact day
of cycle and/or intake of hormone replacement
therapy and/or birth control pill. Moreover, es-
trogens influence thyroglobulin during the cycle,
thus influencing fT4 levels. With menopause the
cessation of ovarian production of estrogens and
progesterone is preceded by irregular menstrual
cycles (33). During this period estrogen, in par-
ticular, and progesterone decline, whereas FSH
rises and high levels of this hormone are typi-
cally observed at the beginning of menopause,
although with wide oscillations.

Measurement of serum testosterone level is im-
portant for the assessment of hypogonadism in
men and androgen excess in women, where it
vary mainly according to the phase of the men-
strual cycle. Yet serum testosterone levels can
vary widely, even between samples from the
same patient and among different laboratory
assays, due to a multitude of factors, such as di-
urnal variation, systemic illnesses, and seasonal
variation, as well as assay-specific factors (34).

Kisspeptins (Kps) are peptide hormones, gen-
erators of both sex steroid negative and positive
feedback signals for GnRH secretion in male and
female at puberty, preserve male fertility, and
govern the pre-ovulatory LH surge in females
(35). Kps show very low values (<2 pmol/L) in
male and in non-pregnant female; however, in-
crease dramatically during pregnancy. There are
some preanalytical issues to be considered: i)
rapid degradation is observed in serum, there-
fore sample must be processed immediately af-
ter collection (freezing-thawing does not signifi-
cantly affect results); ii) either heparin with 2000
U trasylol or EDTA should be used as anticoagu-
lant, whereas citrate causes lowering of results.

The main hormone that determines the height
growth at each stage of development is growth
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hormone (GH), together with its mediator, in-
sulin-like growth factor 1 (IGF-1). The presence
of an alteration in the GH/IGF-1 axis in the pe-
diatric population results in impaired growth
(36). The assays of random serum GH concen-
trations are of no clinical value as GH secretion
is pulsatile and most of GH pulses occur over-
night, showing very low hormone concentra-
tions between pulses. Thus, provocative tests
of GH secretion using appropriate stimuli are
employed to test for GH deficiencies (GHD).
GH stimulation tests use a defined cut-off con-
centration for peak GH to distinguish deficient
from non-deficient GH subjects. Serum IGF-I is
synthesized in the liver under the control of GH
and circulates bound to the IGF binding proteins
(IGFBPs). There are six known IGFBPs of which
IGFBP-3 is the major serum carrier of IGF-I. Unlike
GH, serum concentrations of IGF-1 and IGFBP-3
are stable. Total IGF-1 concentrations in serum
are mainly measured using assays that dissoci-
ate IGF-I from its binding proteins (37). Serum
IGF-I concentrations vary with age and it must
be considered that the normal range for serum
IGF-I concentrations in young children superim-
poses on the range observed in children with GH
deficiency. Moreover IGF-I concentrations are
reduced in malnourished children, and/or with
hypothyroidism, chronic disease, renal failure
and diabetes (37). They also rise intensely during
puberty. IGFBP-3 concentrations were thought
to be potentially superior to measurement of
IGF-I alone as IGFBP-3 is less nutritionally sensi-
tive than IGF-1. However, multiple studies have
found no difference in IGFBP-3 concentrations
between GHD and non-GHD subjects (38), with
a poor sensitivity at 50% and no advantage over
measurement of IGF-I alone (39).

Body mass index increase (BMI), waist circumfer-
ence and hip circumference have demonstrated
association with increased levels of several sex
hormones, in particular obese individuals show
increased blood concentrations of estrone,

estradiol and free estradiol with negative associ-
ation with Sex Hormone Binding Globulin (SHBG)
(40). Moreover, TSH has shown significant direct
association with BMI, which has been explained
as due to TSH directly stimulating preadipocyte
differentiation that results in adipogenesis (41);
whereas even leptin can be involved (42). Other
studies have shown association between adipos-
ity and prolactin, although more variables might
be involved such as alcohol intake and sedentary
lifestyle (43). Therefore, each country should de-
fine reference intervals and clinical decision lim-
its to minimize the impact of age, sex and BMI on
laboratory assays based in their population (44).
High concentrations of paraproteins can inter-
fere with various laboratory immunoassays,
and laboratory personnel should be aware of
this when the laboratory findings are discordant
with the clinical findings (45). Possible false neg-
ative results have been reported as regards the
assay of phenytoin in a patient with high levels
of IgM. The interference caused no detection of
the drug in a Particle-Enhanced Turbidimetric
Inhibition Immunoassay (PETINIA) method
notwithstanding, based on dosage, the patient
trough plasma concentration was estimated
between 5 and 10 mg/L (46). Moreover, false
negative results for vancomycin were reported
in a patient with high IgM levels, despite assum-
ing appropriate dosage of the drug. The high IgM
caused interference on a PETINIA method for van-
comycin that was not evident when an enzyme
multiplied immunoassay (EMIT) was employed
(47). Very high, near to toxicity, 25-OH vitamin
D level (327 nmol/L) was assayed on ARCHITECT.
After recalling the patient to confirm the result,
49 nmol/L of 25-OH vitamin D was measured by
mass spectrometry; whereas 289 nmol/L was
measured by ARCHITECT. Briefly, the patient had
high circulating IgG paraproteins with a clinical
history of rheumatoid arthritis with rheumatoid
factor (RF) and myeloma. Thus, the interference
on immunoassay was due to IgG paraprotein,
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but the contribution of rheumatoid factor could
not be ruled out (48). As regards RF, falsely el-
evated results were reported in serum (but not
in plasma) samples spiked with patient RF pool
when vancomycin immune assays were per-
formed (49).

The patient’s blood itself can cause pre-analyti-
cal errors. Briefly, some patients have circulating
antibodies that can strongly modify the results
of the immunoassays and simulate a disease.

There are reports regarding:

a) the interference of heterophile antibody
affecting fT4 Roche immunoassay,
indicating a suspect hyperthyroidism which
revealed false after retesting on another
platform (Centaur, Siemens) (50);

b) cases of anti-streptavidin antibodies
mimicking heterophilic antibodies
in thyroid tests (51).

c) cases of apparent hyperthyroidism
due to Biotin-like interference from IgM
anti-streptavidin, a pattern that mimics
the excess biotin ingestion (52);

Moreover, drugs over the counter, high-dose
biotin supplements are accompanied by obser-
vations of analytical interference by exogenous
biotin (53) in the immunoassays used to evalu-
ate endocrine function (54). Best practices have
been proposed to avoid such interferences, com-
prising sample dilutions, retesting after biotin
clearance, assessment of biotin presence (55).

Variables due to patient preparation

Thyroid hormones appear influenced by fasting
status or diet composition (6, 56). On the other
hand, either diet composition, meal frequency
or eating time, all can influence GH, prolactin,
and cortisol levels (57). Moreover, treatments
or drugs that delay gastric emptying and motil-
ity, such as omeprazole can act on the levels of
some hormones. Fasting induces enhancement

of GH release with a concomitant reduction of
somatomedin C. The GH release is achieved
through combined frequency and amplitude
modulation (57). Ghrelin is controlled by food in-
take, being higher during fasting or before meals
then decreasing after meal. It is known as the
“hunger hormone” since after being released
mainly by gastric cells —and also by gut, pancreas
and brain cells — it stimulates appetite and con-
sequent food intake and fat accumulation acting
on hypothalamus. However, ghrelin is more than
that, since it regulates glucose homeostasis by
inhibiting insulin secretion. Moreover, it shows
a series of positive effects on heart, muscle and
bone (58).

To increase accuracy, testosterone in men should
be measured with a fasting morning sample
and repeated if the level is found to be low; in
women, the laboratory must perform the mea-
surements at the follicular phase of the cycle. In
both cases, borderline results may be clarified
by the assessment of free testosterone. Thus, in-
terpretation of testosterone results is challeng-
ing. Presently the reference assay method for
measuring blood testosterone levels is based on
mass spectrometry (59). Moreover, as avoidance
of fasting time could jeopardize result accuracy
and thus patient safety (60), 12h overnight fast-
ing before blood sampling for laboratory immu-
noassays are recommended (6, 8, 61).

Short-term studies have shown that caffeine in-
creases insulin levels, reduces insulin sensitiv-
ity and increases cortisol levels (62). Coffee has
been considered to influence the energy intake
possibly acting on appetite hormones. On this
note, it has been shown that although coffee
and caffeine ingested 0.5-4 h before a meal can
suppress acute energy intake, the influence
on appetite hormones appears equivocal (63).
Moreover, habitual coffee intake is related to
effects on either glycerophospholipid metabo-
lism (64) or several metabolic pathways (65). All
the above suggest that before blood collection,
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patients should be requested to inform about
their drinking coffee habit, either short-term or
long-term.

The nicotine from smoking increases cortisol,
GH, prolactin, LH, ACTH and DHEA, in males;
similar effects are observed with intravenous
cocaine abuse (66, 67). On the contrary, nico-
tine decreases prolactin in pregnant (68) and in
lactating women (69) (without effect on fetal
prolactin).

Many hormones show diurnal variations (e.g.
ACTH, cortisol, GH) and pulsatile secretion is re-
ported for some hormones with short time varia-
tions, up to 25%. The pituitary hormones show
a circadian cycle that is linked to the sleep-
wake rhythm. Cortisol shows diurnal variation,
with the peak value at about 8 am in the morn-
ing and the lowest levels in the late night until
early morning, from 12 pm to 4 am. Individuals
affected by Cushing’s syndrome show incon-
gruously high ACTH and cortisol levels during
late night hours. Thus, the sample collection
time should be planned consequently. Cortisol
can be assayed either in serum or in saliva (70).
The salivary cortisol assay was described several
years ago. It has the advantages of being simple
to collect, non-invasive and the sample can be
easily stored for repetition. The advantages of
salivary cortisol assays have been evidenced
in patients with Addison disease and appear
more adequate than serum in the screening for
Cushing disease after assaying salivary samples
obtained during night time (71). When collect-
ing saliva samples, it is important to instruct
the patient to avoid hydrocortisone containing
creams or ointments in order to prevent analyti-
cal interference (72). Salivary melatonin assay
can be a reliable non-invasive biomarker of the
circadian secretive rhythm of the pineal gland
(73). Prolactin is another hormone with diurnal
variation and with higher levels at night (74).
Prolactin levels in samples taken in the morn-
ing can sometimes show increased levels thus

indicating a hyperprolactinemia status. Since
prolactin diurnal variation is associated with
night peak that sometimes declines steadily and
prolongs in the first morning hours, there are
individuals showing late reduction of prolactin
to the reference values observed in the morn-
ing values. Besides a true hyperprolactinemia,
elevated morning levels can be due to stress
conditions, medications or spurious hyperpro-
lactinemia. Indeed, in most cases after sample
retaking a normal value is observed. For these
reasons and for avoiding unnecessary addition-
al tests, it has been suggested to delay late in
the morning the sample collection for prolactin
assays, i.e.around 11 am (75). The measure of
PTH is a second-level examination, requested
by physicians with other tests: e.g., calcium
to elucidate a hyperparathyroidism hypothesis
(76). It is recommended that blood samples for
PTH measurement should be taken, ideally be-
tween 10:00 and 16:00, and plasma separated
within 24 h of blood collection. Plasma samples
should be stored at +4°C and analyzed within 72
h from collection (77). Therefore, considering
that for several hormones the diurnal variations
are critical for result interpretation, we suggest
that blood withdrawal hours should be appro-
priately defined to guarantee suitable labora-
tory results and thus patient safety.

Variables due to sample matrix
and evacuated tube

Different laboratory results, including hormones,
were reported using different brands of serum-
and plasma-evacuated tubes (13, 78, 79). The
reasonable cause for these divergences was as-
cribed to interaction between blood and compo-
nents in the evacuated tubes, e.g. surfactant(s),
stopper(s), stopper-lubricant(s), separator gel(s),
and additive(s) (80, 81). The commonly used
tube surfactant — Silwet L-720 — has been re-
ported to cause the desorption of antibodies
from the solid phase (82). Moreover, samples

Page 76
eJIFCC2020Vol31Nol1pp070-084



Beatrice Caruso, Chiara Bovo, Gian Cesare Guidi
Causes of preanalytical interferences on laboratory immunoassays — a critical review

collected on SST tubes (BD Vacutainer) have
been reported with values of total trilodothy-
ronine, measured by the Immulite 2000, signifi-
cantly higher than samples collected in glass or
Vacuette tubes (Greiner Bio-One). Alterations in
concentrations of triiodothyronine, thyroxine
and cortisol in either quality control materials
orin serum specimens have been reported after
collecting or pouring in different blood-collec-
tion tube types (83). Discrepancies have been
observed in C-reactive protein (CRP) assays
measured in serum samples from SST tubes,
in particular lower values in SST serum than in
serum from plain tubes. It appears due to SST
adsorption of some CRP macromolecules that
form complexes with SST gel (84). Therefore,
the need to verify the suitability of the evacu-
ated tubes employed in sample collection for
immunoassays is mandatory in order to avoid
unwanted outcomes and to warrant the safety
of the patients’ results (8, 85, 86).

Plasma vs. serum samples reveal different hor-
mone results due to interferences from lithium

heparin, EDTA, sodium fluoride, or potassium ox-
alate (87). Parathormone (PTH) levels decrease
after blood collection in either EDTA or serum
samples, with divergent results. A greater stabil-
ity has been reported for PTH collected in potas-
sium EDTA (88).

The Clinical and Laboratory Standards Institute
recommend to follow the instructions from
evacuated tubes manufacturer regarding: sam-
ple mixing, resting time before centrifugation,
centrifugation time, g-force (89). As far as we
know, Vacumed ® (FL Medical, Torreglia) lacks a
formal specification regarding sample process-
ing and handling. Thus, after having checked
other brands information (90-92), we decided
to verify this evacuated tubes (Table 1). A some-
times-overlooked fact is that the accuracy of
blood drawing with evacuated tube systems is
influenced by altitude, because of variations of
the atmospheric pressure. It is well known that
reduced blood volumes are collected into the
tubes in altitude settings (90), thus, altering the
blood/additive ratio (91) (Table 2).

; Centrifugation
Evacuated tubes Additives M'.x by gfently
inversion . .
g-force time (min)
42010; 42011; 42012
43016 K,EDTA 2 X 1200 15
44019
42110; 42111; 42112
43116 K,EDTA 2 X 1200 15
44119
42210; 42211; 42212 Potassium Fluoride
43216 + 3X 1000 15
44219 K,EDTA
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42310; 42311, 42312
43316 Lithium Heparin 2X 1200 15
44319

43350; 43351, 43352

43356 Sodium Heparin 3X 1200 15
44359
42410; 42411; 42412 1500
42508 NA
Sodium Citrate 3.2% 2X 15
42510 NA
42512 NA

42611, 42612

43616 Clot activator 2 X 1200 15
44619
42691 Clot activator
43696 + 3X 1000 15
44698 sferes separator
42711 Clot activator
43716 + 2X 2000 10
44718 gel separator
42811 gel separator
43816 + 2X 1800 10
44818 Lithium Heparin
42851 K,EDTA
43856 + 2X 1600 10
44858 gel separator
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42910; 42911; 42912
43916 without additive NA 220 @) 10
whole blood
44919

Note: Serum tubes should rest at least 45 min in upright position after blood collection and before centrifugation. How-
ever, should be centrifuged within 2 h after blood collection. All tubes including tubes with gel separator should be trans-
ported in upright position after centrifugation process. The results reported in this table is part of the project 2451/15 of
University of Verona.

Altitude Mean volume filling of evacuated tubes
(m)
4.5 mL 3.5mL 3 mL 2mL
0 4.50 3.50 3.00 2.00
250 4.37 3.40 291 1.94
500 4.24 3.30 2.83 1.89
1000 4.00 3.11 2.67 1.78
1250 3.89 3.02 2.59 1.73
1500 3.78 2.94 2.52 1.68
1750 3.67 2.86 2.45 1.63
2000 3.57 2.78 2.38 1.59

Note: Results are presented as mean volume from five evacuated tubes producers — BD Vacutainer®, Becton, Dickinson
and Company; Vacuette® Greiner Bio-One; Vacumed®, FL Medical; Vacutest®, Kima; and S-Monovette, Sarstedt using
the vacuum technique — filled with a solution with density and viscosity like whole blood. Volumes (mL) reported by the
evacuated tube manufacturer at sea level (0 m) are presented in bold. Altitudes are referred in meters above sea level.
All tubes used were 13x75 mm.

CONCLUSIONS ending with result interpretation. Particular
attention should be addressed separately to

In immunochemistry assays the results can be variables that on the contrary could be viewed

significantly and positively influenced by the ap- as a collective whole in the pre-analytical

propriateness of the procedures adopted along phase, therefore resulting in less influence on

the process starting from test prescription and the outcomes and possibly misleading in the
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interpretation. In this context it should be sum-
marized that:

e results can be significantly influenced by the
techniques adopted, that in turn can be af-
fected by some preanalytical conditions;

e age and gender are important variables, par-
ticularly in newborn, during sexual matura-
tion and childbearing;

e stress can influence GH, prolactin cortisol
and the total/free ratio of thyroid hormone;

e diurnal variations, day of cycle, influence by
estrogens on thyroid hormone are to be ac-
counted for result variability;

e in adults/elders some results can be inter-
fered by autoantibodies;

e some additives and anticoagulants of collec-
tion tubes can influence specific assays;

e hemolysis, lipemia and bilirubin cause inter-
ferences on specific techniques/tests;

e paraproteins mainly cause interferences;

e specificissues should be considered as re-
gards thyroid, pituitary and sex hormones;

* nicotine and cocaine addictions interfere
with some hormones.

Therefore, in providing the results to the pa-
tients, laboratory professionals have the respon-
sibility of ascertaining that all the above have
been checked and duly evaluated and the appro-
priate actions have been accomplished to avoid
any relevant interferences.
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hemolysis, reproducibility of results
For this, it is essential to agree on the definition of

“hemolysis”. From this definition, a critical point is to
establish cut-offs of hemolysis management for each
analyte studied in the clinical laboratory.

Thus, in this review, the main methods described in
the literature developed for obtaining a hemolysate
are grouped, that simulate in controlled laboratory
protocols what happens with a hemolyzed sample of
a patient.

These methods are grouped into 3 categories accord-
ing to their basis of lysing cells: freezing-thawing, os-
motic shock and shear stress. In addition to develop-
ment and improvement of methods for the study of
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hemolysis, it is necessary to carry out compara-
tive studies to determine which one offers the
best capabilities. Harmonization of the methods
will allow to include them in working guidelines.
All these strategies will allow to move from man-
aging hemolysis on whole-sample basis to cus-
tomize it analyte by analyte.

00 0% o% o% <%
0.0 0’0 0’0 0’0 0‘0

INTRODUCTION

Most of the errors associated with the total
testing process occur in the pre-analytical phase
(70-80%) (1,2). This phase includes sample col-
lection, handling and transport, whose inade-
guate realization entails, inter alia, the possi-
ble appearance of analytical interferences, the
main one being hemolysis (3). The presence of
this interference in the samples affects the ana-
lytical determination of the biochemical tests,
having as a consequence the need to recollect
samples, delays in patient diagnosis and follow-
up (crucial in the emergency laboratories), de-
creased patient safety, increased costs, ..., etc.
(4-6).

The hemolysis process is characterized by ac-
celerated breakdown of the erythrocyte (RBC)
membranes, releasing intra-erythrocyte con-
tent to the extracellular compartment (7). In this
process not only hemoglobin is released, other
components of the erythrocyte cytoplasm such
as potassium, lactate dehydrogenase (LDH),
or neuro-specific enolase (NSE) among other
components.

All these elements can interfere with the mea-
surements of the biochemical tests, and this
interference will be more or less important de-
pending on the magnitude assayed and the de-
gree of hemolysis (8).

Due to the importance of knowing the degree
of interference of the different levels of hemoly-
sis over biochemical determinations, it is crucial

to develop and harmonize appropriate methods
to establish as closely as possible cut-off points
for the proper hemolysis management (9).

This step is very important for the subsequent
development of rules that allow harmonized
handling of hemolyzed samples. Thus, this re-
view aims to provide insight into the methods
available for studying hemolysis interference in
clinical laboratories.

CAUSES OF HEMOLYSIS

The knowledge of the hemolysis degree of a
sample is very important. This enables a different
handling of the sample, appropriate to the type
of hemolysis, and to perform corrective actions
of the interferences.

Hemolysis can be due either to pathophysiologi-
cal reasons or to causes exogenous to the pa-
tient. Thus, hemolysis can be classified into two
large blocks:

e Hemolysis in vivo

It is characterized by the breakdown of
RBCs due to endogenous causes. Different
degrees of anemia can be observed in the
affected patient, able to increase the activ-
ity of the bone marrow as a compensatory
mechanism (6). This premature rupture of
RBCs may be due to antigen-antibody reac-
tions, chemical reactions, hemolytic anemi-
as, toxins or physical agents such as artificial
heart valves, particularly mechanical ones
(5). Less than 2% of the hemolysed samples
detected in the clinical laboratory are due to
in vivo processes (10). The handling of this
type of samples will be aimed at knowing
the patient’s clinical situation and commu-
nicating the interferences to the clinician, in
order to consider any possible treatments of
the patient relevant to his/her pathophysi-
ological situation.
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e Hemolysis in vitro:

In this case, the rupture of the RBCs is due
to improper blood collection or sample
handling (11). This kind of hemolysis may
be due to phlebotomst using too thin nee-
dle size, inappropriate tubes mixing, or a
too prolonged tourniquet time (12), as well
as due to causes related to the transport or
storage of the samples (13,14). In addition,
this type of hemolysis is the one on which
the clinical laboratory plays a more impor-
tant role trying to reduce its incidence. To

Table 1

do this, it must first be estimated and man-
aged properly by including in the report the
degree of interference, e.g. through com-
ments, as well as by managing indicators to
know their impact on the blood collection
centers, strengthening the training where
sample hemolysis rates are higher than the
quality objectives set.

The knowledge of the type of hemolysis is im-
portant in order to perform the more appropri-
ate management of the interfered parameters
(Table 1).

Causes of hemolysis in vivo

Inherited
Defects in hemoglobin
Defects of RBC membrane
Defective red cell metabolism
Glucose-6-phosphate dehydrogenase deficiency
Pyruvate kinase deficiency

Other RBC enzyme deficiencies

Acquired
Immune-mediated causes
Hypersplenism
Burns
Infections
Mechanical damage in circulation
Inmunophenotyping errors in blood transfusion

Drugs and toxins

Causes of hemolysis in vitro

Operator-dependent

Device-dependent

Handling of the specimen
Transport of the specimen
Sample processing

Storage of the specimen

*Table adapted from Lippi et al (7).
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HEMOLYSIS MECHANISMS

Biochemical tests are interfered by RBCs break-
down as a result of the release of their cellular
content. The International Federation of Clinical
Chemistry and Laboratory Medicine (IFCC) de-
fines interference as “the systematic error of
measurement caused by a sample component,
which does not, by itself, produces a signal in
the measuring system” (15). Interference (bias)
in hemolysis processes will occur through four
types of mechanisms described below:

e Increase in the concentration
of the constituent by intracellular release

Inside the red blood cell there are several
analytes with higher concentration than in
the surrounding fluid. Thus, their release as
a result of hemolysis generates a positive
interference on the relevant assays, causing
overestimation of the real values. Potassium,
LDH, AST, magnesium or phosphorus are the
parameters that have the greatest difference
between the intracellular medium of the
RBC and the extracellular medium showing
significant interference already at low he-
molysis levels (7).

e Chemical interference

In this mechanism, the interfering substance
acts on one of the phases of the chemical
reaction of the assay. In general, the interac-
tion or competition of some substances re-
leased from the RBC, such as proteins or lip-
ids, with reagents or reaction products will
occur, being altered the concentration of
the analyzed parameter (16). As examples
of this interaction, the effect that hemoglo-
bin exerts on the measurement of bilirubin,
or the overestimation of creatin kinase by
interference with adenylate kinase released
by RBC.

e Spectrophotometric interference

The wavelength at which the parameters
that are measured spectrophotometrically
are determined can overlap with the hemo-
globin absorption spectrum. Thus, the as-
say of the analyte will undergo interference
depending on the hemolysis degree. Both
oxyhemoglobin and deoxyhemoglobin have
a maximum absorption at 415 nm with a de-
tection range between 320 nm and 450 nm,
and between 540 nm and 589 nm respective-
ly. The assays whose detection wavelength is
between the above intervals will be affected,
e.g. lipase, albumin and g-glutamyl trans-
ferase (GGT) (17,18). These analytes will be
overestimated, while others such as alkaline
phosphatase (ALP) will be underestimated
when hemoglobin is degraded in alkaline
medium (17).

e Interference by dilutional effect

The analytes whose concentration is lower
inside the RBC with respect to the extracel-
lular fluids, will undergo further diminution
when hemolysis occurs, due to dilutional ef-
fect. Thus, sodium, chloride and glucose are
classic examples of this type of interference
(7). Such an interference on sodium, which
has a very narrow homeostatic regulation,
can have important clinical relevance.

It is possible that, when hemolysis levels are
very high, several described mechanisms hap-
pen simultaneously (17). The interference de-
gree caused by hemolysis is not only important
in spectrophotometric biochemical tests, but
also in gasometric, hematocytometric, coagulo-
metric and immunoassay tests.

MEASUREMENT OF HEMOLYSIS
IN CLINICAL LABORATORY

Both types of hemolysis, in vitro and in vivo, are
classicallyassessed by visualinspectioncomparing
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the serum or plasma with a color scale after cen-
trifuging the sample (19,20). This way of measur-
ing hemolysis has important disadvantages (21),
since it is a time-consuming method, therefore
for laboratories with a high workload it is not
very viable (5,22). Moreover, it is dependent on
the observer thus on the degree of the observer
training (23,19), and hardly standardizable to
avoid intralaboratory biases (24). On the other
hand, the assessment of hemolysis by visual in-
spection can be hindered by the presence of oth-
er interferers such as bilirubin, that adds color
to the sample preventing a correct reading (25).
Finally, this kind of hemolysis management could
have consequences on patient safety (26).

To overcome the above difficulties in the assess-
ment of hemolysis, the analyzers have progres-
sively incorporated automated methods for the
determination not only of hemolysis but also of
icterus and lipemia (27). All these methods are
based on performing a sample dilution and mak-
ing multiple readings at different wavelengths
using spectrophotometry (17). Farrell and Carter
describe the characteristics of the automated
HIL (hemolysis, icterus and lipemia) measure-
ment methods of different analytical platforms
currently available (17). With these methods, a
qualitative or semi-quantitative determination
is transformed to a quantitative determination
allowing the development of control materi-
als to implement both internal quality control
programs (1QC) (28), as well as external quality
control programs (EQA) for comparison among
laboratories (29). But there are still challeng-
es, making it difficult to implement this type of
method in laboratories. Among the unresolved
problems, Lippi lists several such as poor harmo-
nization of detection techniques, non-standard-
ization of the measurement units, improvement
of the quality control systems available, and het-
erogeneity of the cut-offs between the different
analytical platforms (30). Efforts are currently
being made to try to solve these problems (28,

31), as well as demonstrating the low impact of
any of them (32).

STUDIES FOR DETERMINATE
HEMOLYSIS IN VIVO

Being able to differentiate hemolysis in vivo
from hemolysis in vitro is presently a current
challenge in the clinical laboratory, because of
the impact more at the clinical level than at the
analytical level. Currently there is no established
consensus for the differentiation of hemolysis in
vivo from hemolysis in vitro, but there are exam-
ples in the literature of strategies that try to im-
prove differentiation (33). A described strategy
is to compare different samples received in the
laboratory of the same patient (34). When re-
ceiving multiple samples from a patient, the he-
molysed sample is compared with the rest of the
patient’s samples; if all the samples show hemo-
lysis levels above the set cut-off for hemolysis, a
high probability exists of in vivo hemolysis. That
should be confirmed with the medical history.
On the other hand, if only one sample is hemo-
lysed, an in vitro hemolysis can be suspected.

Lippi et al propose an algorithm for screening
samples in which hemolysis is suspected in vivo
(35). The hemolysis index value is transformed to
g/L of hemoglobin. The samples with a free he-
moglobin value greater than the upper reference
limit (URL) and without suspected in vitro hemo-
lysis will be tested further to confirm hemolysis
in vivo. The development of mathematical mod-
els to allow screening of whole blood samples
with hemolyzed in vitro has been proposed (36).

In addition to the algorithms, there are biomark-
ers that can help to determine hemolysis in vivo.
These biomarkers have variable sensitivities and
specificities for the study of hemolysis. Analytes
such as potassium, LDH and aspartate amino-
transferase (AST) increase markedly in hemolysis
in vitro (34,37), however the concentration of
potassium is not interfered always by hemolysis
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in vivo (38). These samples can show increased
potassium value for other physiopathological
reasons, making screening difficult.

The decrease in haptoglobin concentration is
considered the best marker to evaluate accel-
erated destruction of intravascular erythrocytes
(39). In in vitro hemolysis this parameter is not
affected since the resulting haptoglobin-hemo-
globin complexes are rapidly eliminated from
the circulation by monocytes and tissue macro-
phages CD163 receptor pathway (40). However,
haptoglobin is decreased by hemolysis in vivo.
But haptoglobin expression also decreases in
liver function diseases which makes it difficult
to use in the hemolysis assessment (41). Thus
it should not be viewed as a gold standard (39).

Other typical in vivo hemolysis markers are in-
direct bilirubin and reticulocyte count increase,
as well as decreased erythrocyte indices such
as Mean Corpuscular Volume (MCV) and Mean
Corpuscular Hemoglobin (MCH). But none of the
biomarkers described are going to be affected
only by the presence of hemolysis, therefore it is
necessary to develop specific biomarkers to help
us differentiate in vivo hemolysis from in vitro
hemolysis.

Currently there is no established consensus to
distinguish hemolysis in vivo and in vitro (7). Thus
it is necessary to continue working on the devel-
opment of algorithms, that allow us to differenti-
ate the origin of the hemolysis, due to its clinical
significance.

ASSESSMENT OF IN VITRO HEMOLYSIS

Due to the highimpact that in vitro hemolysis has
on the assays in the clinical laboratory, homoge-
neous procedures are needed that allow us to
determine cut-off points for the proper handling
of hemolyzed samples. There is currently a high
degree of heterogeneity in these studies (42,18).
Thus we can decide whether or not to report
the result obtained (43,44), or which is the most

appropriate handling procedure depending on
the parameter. In 2018, the Working Group for
Preanalytical Phase (WG-PRE) of the European
Federation of Clinical Chemistry and Laboratory
Medicine (EFLM) (45), published a document of
recommendations for the harmonized manage-
ment of the results of hemolyzed samples, in or-
der to know the cut-offs for each analyte in each
analytical platform, since the values are depen-
dent on method and instrument (46). Thus, an
individualized management of each parameter
can be achieved, all not being influenced in the
same way by the same degree of hemolysis (46).

All the methods described in the literature and
used for in vitro hemolysis studies are based on
three fundamental strategies:

e Sample Freezing: i.e. Freezing of the sam-
ple or freeze-thaw cycles to breakdown the
cells.

e Osmotic shock: i.e. Rupture of the cells
when resuspended in hypotonic medium,
usually distilled water.

e Shear stress: i.e. Mechanical rupture of the
cells by passing them through a needle.

In this section, different strategies for estimat-
ing the degree of interference by hemolysis, of
the analytes to be measured in the clinical labo-
ratory will be described.

CLASSICAL METHODS FOR HEMOLYSIS
INTERFERENCE STUDY

The key point is to obtain a hemolysate that
adequately represents the working conditions.
Different strategies for obtaining hemolysate
have been described. Having a hemolysate that
mimics most closely hemolyzed patient samples
will allow the most appropriate handling of the
samples. Lovelock describes a method for ob-
taining hemolyses based on the freezing of the
sample (47), e.g. starting from the whole blood
sample and freezing it or freezing washed red
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blood cells. Freezing is performed over a period
of 30 min, which is insufficient to break the
platelets and leukocytes if whole blood is used,
requiring longer periods of freezing (48).

Twenty years later, Meites published a modified
method based on the Lovelock method (49). The
Meites method is the classic method used to ob-
tain hemolysis recommended by different guides
(50). In this method a hemolysate is generated
which will be used to add it to serum or plasma
samples of patients where interference is stud-
ied. Anticoagulated whole blood is centrifuged to
obtain the sedimented RBCs and washed 3 times
with isotonic saline. The cells are frozen overnight
in water and thawed at room temperature next
day. It is centrifuged to remove cell debris and
the hemoglobin concentration in the hemolysate
is determined. Finally, hemolyzate is added to
serum samples or plasma at different concentra-
tions. Freezing-thawing of these methods breaks
the blood cells and centrifugation removes cell
debris, similar to the handling of the samples af-
ter venipuncture. To try to improve this method,
studies have been done modifying the conditions
of freezing temperature and freezing time (51).

Itisimportant to consider that in these methods,
starting from centrifuged and washed RBCs, the
contribution that the breakdown of leukocytes
and platelets have on the interference caused by
hemolysis is lost.

Another alternative is the method described by
Glick et al (52). This method starts with washed
erythrocytes that are only going to be lysed us-
ing distilled water (osmotic shock). The hemo-
lysate is cleaned by filtering on the glass wool
and subsequent centrifugation. Like the Meites
method, it has the limitation that only the
breakdown of RBCs contributes to hemolyzing.
Other method, less used, is proposed by Frank
et al (53). This method also starts with washed
erythrocytes to which distilled water and deter-
gent are added to favor its rupture.

NEW APPROACH FOR HEMOLYSIS
INTERFERENCE STUDY

Based on the work of Meites and Glick, different
strategies have been developed with the aim of
achieving better hemolysates. Some of them are
new strategies and others are modifications of
those already available. The classical methods
were based on freezing strategies (Lovelok and
Meites) or osmotic shock (Glick) using distilled
water. In 2004, Dimeski described a new meth-
od based on passing the anticoagulated whole
blood sample through a needle several times
to cause the breakdown of cellular components
(54). The number of times the sample is passed
through the needle determines the degree of
hemolysis achieved.

Lippi et al (55) made a modification of Dimeski
method, by standardizing the number of times
the sample was passed through the needle (1 to
4 times), the type of syringe used (insulin type,
0.5 mL), as well as the thickness of the needle (30
gauge). The sample was centrifuged to remove
the debris before determining the amount of
free hemoglobin. As in the freeze-thaw models,
with this method the erythrocytes were not se-
lectively broken as in the osmotic shock models,
since all blood cells in the sample (erythrocytes,
leukocytes and platelets) are broken (9). In addi-
tion, an advantage of Dimeski’s method is that by
passing the sample through a needle simulates
what is happening when collecting a patient’s
sample (56). The Lippi modified Dimeski method
has been used for studies of hemolysis interfer-
ence in parameters such as gasometry (56), co-
agulation (57), and hematimetry (58). Using this
method, Lippi et al obtained the following con-
clusions (58):

¢ The hematology equipment used does
not discriminate erythrocyte hemoglobin
to free hemoglobin.

e Adecrease in the RBC and hematocrit
count due to mechanical rupture is
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observed, confirmed by a parallel increase
in LDH and hemolytic index.

e Asignificant decrease in the number
of total leukocytes is not detected

* Problems were observed in leukocyte for-
mula assessment due to interference with
RBC and platelet clumps.

In this type of samples, the main interference
is not associated with the presence of free he-
moglobin, but with the rupture of the different
blood cell lines, leading to significant errors in the
cell count. In hematological samples it is not ap-
propriate to apply the methods of osmotic shock
and freezing because all the cells in the sample
would be broken and could not be assessed in
the hematological counter.

In methods employing whole blood (gasometry
and hematocytometry), it has been proposed to
perform a previous screening of the samples by
collecting an aliquot, centrifuging and determin-
ing visually the degree of hemolysis (59). This
approach, especially for a laboratory with high
workloads, would increase response times and
increase workloads on the whole. These disad-
vantages would be more critical in emergency
laboratories where the number of samples of
gasometry and hematocytometry is high.

Recently Delgado et al, based on freezing-thaw-
ing methods for hemolysis studies, proposed two
different strategies (60):

e Strategy 1

Collection of two anticoagulated whole blood
tubes. One was centrifuged and the superna-
tant (plasma) was collected. The other tube
was frozen-thawed 3 times, centrifuged and
the supernatant was collected. The two su-
pernatants (plasma) obtained in different
proportions were mixed.

e Strategy 2

Collection of two anticoagulated whole
blood tubes. One of them was centrifuged,
the supernatant (plasma) was removed and
the pellet was frozen-thawed (without using
distilled water). The other tube was centri-
fuged and the supernatant (plasma) was col-
lected. Different volumes of hemolysate to
the plasma of the second tube were added.

In both strategies a negative interference (de-
crease in concentration) was observed in the
determination of Na*, but strategy 1 presented
better repeatability. The interference on Na*
was due to dilution, therefore not including di-
lution with water in these strategies allowed a
better assessment of Na* interference compared
to previous studies that did include the dilution
step (61).

In order to evaluate the suitability of the meth-
ods in the study of hemolysis interference, and
to verify which one has better performance, it
is necessary to carry out comparison studies
between them. Studies have been carried out
to compare the methods of obtaining hemoly-
sate by osmotic shock and shear stress. In both
cases they have been studied to determine the
effect of hemolysis on the determination of am-
monium (54,62), showing a better detection of
interference using the osmotic shock method.

These studies did not include the freezing-thaw-
ing method, so Gidske et al (63) first compared
the three main methods, namely: freezing, os-
motic shock and shear stress. They studied 10
biochemical parameters on two different ana-
lytical platforms based on liquid chemistry or al-
ternatively on dry chemistry assays. LDH was the
parameter that provided more information, the
interference observed was greater in the freez-
ing-thawing and shear stress methods than the
osmotic shock methods. The shear stress meth-
od produced the breakdown of erythrocytes,
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platelets and leukocytes but it was a laborious
method, with a high variability in the release
of hemoglobin. On the other hand, the freez-
ing method is simpler, with less variability and
the three cell lines are also broken. In this study,
freezing-thawing method was recommended as
the most appropriate for obtaining hemolysates
in hemolysis interference studies.

OTHER METHODS

In addition to the methods described above,
other methods for the breakdown of blood cells

Table 2

based on different physical principles have been
published. Yiicel et al described the mechanical
rupture of cells by stirring whole blood with a
metallic bar (64). In another paper, Larga et al
proposed hemolysis using tissue homogeniza-
tion equipment (65). For the realization of these
methods, equipment is needed that is not nor-
mally available in clinical laboratories, limiting
its use in hemolysis interference studies.

Table 2 summarizes the characteristics of the
methods for performing in vitro hemolysis stud-
ies in the clinical laboratory.

Method Basis Sample Use water Cell type break
. Whole blood/ Erythrocytes-
Freezing-
Lovelock (47) thawin Washed No Leukocytes-Platelets/
g Erythrocytes Erythrocytes
Osmotic
. shock/ Washed
Meites (49) i SileEiEs Yes Erythrocytes
thawing
Glick et al. (52) Osmotic WEECE Yes Erythrocytes
) shock Erythrocytes ¥ ¥
Osmotic Washed Yes
ARTLSCEEL (58), shock Erythrocytes (+detergent) Erythrocytes
Dimeski (54) Shear stress Whole blood No IS
Leukocytes-Platelets
Dimeski adapted Erythrocytes-
h t Whole bl N
by Lippi et al. (58) Shear stress cdollose ° Leukocytes-Platelets
Freezing- Erythrocytes-
Delgado et al. (60) . & Whole blood No Leukocytes-Platelets/
thawing
Erythrocytes
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CONCLUSIONS

The harmonization/standardization of the pro-
cesses performed in the clinical laboratory is an
important objective to reduce variability and
generate high quality results. The proper han-
dling of hemolysis interference, in addition to
correct analytical measurements, is particularly
influenced by the determination of precise cut-
offs for each analyte studied.

At first, it should be defined “hemolysis”, i.e.
whether it is the rupture of only the erythro-
cytes or of all blood cells (erythrocytes, leuko-
cytes and platelets). Following a classical ap-
proach, e.g. Meites et al and Glick et al, only
washed erythrocytes are employed. On the
other hand, more recent studies, such as Lippi
et al, take into account the contribution of the
three cell lines, and Delgado et al and Gidske
et al test different strategies, concluding that
methods based on whole blood samples are
more suitable for interference studies by hemo-
lysis. Once the term “hemolysis” is defined, it is
necessary to develop consensus protocols for
the study of interference by hemolysis, by ex-
changing results between laboratories. In this
review we have described the three groups of
procedures currently used: freezing-thawing,
osmotic shock and shear stress. Among these,
a lot of heterogeneity in the method used to
obtain hemolysate is reported in literature. To
solve the problem it is necessary to carry out
comparative studies of the available methods,
such as that carried out by Gidske et al, in order
to select the most appropriate protocol.

Another possible approach, as done by Delgado
et al., is based on a method already described
that introduces modifications allowing a better
assessment of the degree of interference in the
samples. All these studies should be extended to
all the currently available analytical methods as
well as to all analytical platforms. The availabil-
ity of consensual method(s), could allow their

introduction into international guides, such as
CLSI, harmonizing the protocols for carrying out
hemolysis studies. The proper definition of the
methods to be used in each situation would al-
low to obtain precise cut-offs independent of
the method used to determine the degree of
hemolysis interference. Thus, the management
of hemolysis through interpretative comments
proposed by the WG-PRE of the EFLM, would
allow better assessment of each parameter that
is being interfered and to obtain information
useful for either the management of the clinical
laboratory or the interpretation of the result at
the clinical level.

Finally, a need is apparent to continuously prog-
ress in developing algorithms to differentiate
hemolysis in vivo from in vitro, wieved as a chal-
lenge for the future in the clinical laboratory. In
summary, with the harmonization/standardiza-
tion of all these strategies, the integral man-
agement of hemolysis as a whole (clinical-ana-
lytical) will be favored with a notable increase in
patient safety.
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