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4.1 Introduction

4.2 Pre-analytical phase

The objective of all quality assurance measures
in laboratory medicine is to produce a proper
diagnosis based on conclusive findings. There-
upon rests the foundation of optimal treatment
for the patient. Conversely, this means for both
laboratories and POCT users a paradigm shift
from quality control of analyses to comprehen-
sive quality management. This objective can
only be achieved if the overall diagnostic pro-
cess is calculated into the equation; this process
extends from the correct patient-focused or-
dering of tests for the disease-relevant analytes
to the correct interpretation of the analysis re-
sults aimed at rendering the proper diagnosis
and monitoring the therapy based on that diag-
nosis.

This process can be divided into a pre-
analytical analytical and a post-analytical
phase. The pre-analytical phase includes
everything from choosing an appropriate test
and correctly identifying the patient to taking
a sample, transporting it if necessary and pre-
paring for analysis it in the laboratory. Valida-
tion and the appropriate reporting of findings
follow post analysis. Recently, considerations
about non-analytical factors (extra-analytical
quality) have become increasingly important
[3, 12, 17] and been incorporated into the
German Medical Association’s Guideline on
Quality Assurance in Medical Laboratory Tests
(RiliBAK) [1].

Although fewer errors happen in the pre-
analytical phase of POCT than in a central
laboratory, this phase is still meaningful. Ap-
proximately one third of all errors in POCT oc-
cur prior to the actual analyses [14]. POCT pre-
and post-analytical phases depend on the spe-
cific analytes to be assayed as well as on the
devices used. Several overarching principles
shall be addressed below.

The most important pre-analytical

subroutines

1. Choosing a suitable test

2. Preparing the patient (e.g. diet, drugs,
position of the body, time of the
sample collection)

3. Collecting the sample

4. Transporting and storing the sample

5. Inspecting the sample (hemolyzed,
icteric, lipemic appearance)

6. Processing the sample (e.g. centrifuga-
tion).

Bullet points 4 to 6 play a less important role
within the POCT concept. As POC tests are
carried out promptly, possible false readings
caused by sample instability are not an issue
either. The correct way of sample collection
(point 3), however, is particularly important in
the pre-analytical process. Many POCT sys-
tems use venous, arterial or capillary blood
samples. Swabs are increasingly used to detect
infectious diseases. POC tests usually require
considerably less sample material. Rigorously
implemented hygiene measures are particularly
important for mobile devices to avoid the
spread of pathogens [21].

4.2.1 Choosing a suitable test

Many POCT systems deliver results quicker
than conventional central laboratories as no
sample transport is required. However it is often
not possible to achieve the same accuracy with
highly integrated POCT devices as with larger
laboratory devices. Therefore, investigations
with a POCT device should not be regarded as
equivalent to those carried out in a central
laboratory even if they measure the same
analyte [18]. POCT is, however, well suited for
disease monitoring and controlling therapy.
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4.2.2 Capillary blood sampling

Capillary blood is a mixture of blood from
arterioles, venules and capillaries, sometimes
diluted by interstitial or intracellular fluid
(hemolysis). The relative composition depends
on the blood circulation of the puncture site;
heating leads to arterialization of the blood
sample.

Differences exist between venous and capil-
lary blood, which can influence hematological
tests or oral glucose tolerance tests. In adults,
capillary blood is usually taken from the finger-
tip or ear lobe, while the heel is used in neo-
nates. For therapy monitoring, capillary blood
can also be taken from other skin areas (» Chap-
ter 12). Good blood circulation around the
puncture site is important. To obtain arterial-
ized capillary blood for blood gas analysis, the
puncture site needs to be treated with warm
water compresses (42° C) or by applying a
special cream (e.g. Finalgon) to hyperemize the
local tissue.

There is a linear correlation between blood
volume and puncture depth. Therefore, punc-
ture aids that can be adjusted to the required
sample volumes are recommended. For self-
monitoring, an extensive range of puncture aids
for capillary blood sampling are available where
the puncture depth can be adjusted. In addi-
tion, there are multiple lancets to go with some
puncture aids, which differ in their bevels and
suppression of painful vibrations.

In Germany, the technical regulations for
biological materials (TRBA 250) need to be
considered when using puncture aids in hospi-
tals, physicians’ practices, emergency vehicles
etc. In blood sampling, “the use of safe instru-
ments where body fluids are present in amounts
that can transmit infections” is mandatory.
Among other tasks, the following device safety
specifications must be met:

The safety mechanism must be part of the

device and needs to be equipped with an

audible or tactile signal. It may be used
only once.

The safety mechanism must be triggered

single handedly, immediately after use.
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Self-activating systems are recommended
as they are usually easier to handle.

Safe work equipment must be compatible
with the accessories and other systems
used.

When using puncture aids in pediatrics/neo-
natology, the puncture depth on the child’s heel
is critical because of the danger of injuring the
calcaneus, particularly in pre-term infants. For
this reason, lancets with a shorter puncture
depth (max. 2.0 mm) are preferred.

After skin disinfection, a single-use lancet is
used to puncture. The blood sample is collected
by gently pressing onto the tissue (not squeez-
ing) to avoid or minimize hemolysis — one of
the mostimportant pre-analytical confounding
factors. The first drop of blood is discarded as it
is often contaminated with tissue components.
In blood glucose monitoring, the first drop can
be discarded; although this is not the case in
INR self-monitoring where the first drop needs
to be analyzed. The next few drops are collected
in capillary tubes (e.g. end-to-end capillary
tubes) or special capillary blood containers.
A wide range is available from different manu-
facturers. Containers with additives should be
inverted 5 times (not shaken), after filling with
blood.

The correct technique for capillary blood
sampling from the heel of an infant is shown in
@ Fig. 4.1.

4.2.3 Venous blood sampling

Before phlebotomy, the patient should have
been in a seated or prone position for 15 min-
utes, if possible. After disinfection of the punc-
ture site, venous stasis is achieved with a tourni-
quet or blood pressure cuff (stasis between sys-
tolic and diastolic blood pressure) applied for no
longer than a minute. The patient should not be
asked to make a fist! The stasis is terminated
immediately after successful venipuncture.
There are different recommendations regarding
the order in which samples are taken [4, 8], not
all of which specifically address POC tests.
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Select and disinfect a suitable
puncture site
and forefinger.

Remove the safety mechanism by
pressing on the sides with thumb

Lift the foot to a suitable position.
Place the lancet against the selected,
disinfected puncture site. Position the
safety incision lancet parallel along
the length of the foot and never
across the heel. Note that the tip of
the triangle points toward the blade
exit. Press the firing button.

After pressing the firing button,

remove the lancet from the heel. sharps container.

O Fig. 4.1

In German speaking countries, for safety
reasons, only closed blood collection systems
are used. These are based on two different prin-
ciples: Vacuum and stamp blood collection.
The systems are difficult to combine as they are
designed differently and have various attach-
ments; with different sizes and accessories.

4.2.4 Arterial blood sampling

Arterial blood sampling is indicated, particu-
larly for blood gas analysis (» Chapter 14) [2].
The samples are usually taken by puncturing
the femoral, brachial or radial artery or via an
arterial line. After the blood collection, firm
pressure should be applied to the puncture site.
Capillary blood can also be used for blood gas

Dispose of the lancet in a suitable

Wipe away the first blood drop. Next,
fill the collection tube or capillary.

Correct use of an incision safety lancet for newborns (Courtesy of Sarstedt, Nimbrecht, Germany).

analysis when taken from hyperemized skin
areas on the earlobe or fingertip.

Special closed glass or plastic needle-tube
systems (see below) allow automatic filling due
to the arterial pressure, while minimizing the
risk of air bubbles in the sample. Anaerobic
blood samples should be ensured; any air
bubbles need to be removed immediately.
Otherwise, the blood-dissolved gases equili-
brate with the respective gas molecules inside
the air bubbles. The CO, concentration is more
affected than O, as CO, has a higher partial
pressure in the blood than in the air. In contrast,
the measurement of arterial O, partial pressure
in the hyperoxic range (>200 mm Hg) is flawed
because the diffusion gradient is greater to-
wards room air [7]. After drawing the sample,
it should be mixed by careful rolling between
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both hands and promptly analyzed within 5-10
minutes. If this is not possible, it is recommend-
ed to store the sample in ice water for up to 30
minutes [5]. However, it is very important to
avoid hemolysis. Mix it again before testing! If
sample transport by tube mail is possible, it is
important to check the specifications of the sys-
tem. Pneumatic tube systems, which generate
low shearing forces thanks to their controlled
acceleration and careful cornering and are ap-
proved for blood sample transport, are com-
pletely suitable for blood gas samples [7].

4.2.5 Blood sampling systems
and anticoagulants for blood
gas analysis

Ideally, whole blood samples should be taken
with glass syringes, as dissolved gases cannot
diffuse through glass. When using plastic
syringes, it should be remembered that false
results of pO, and pCO, can occur due to diffu-
sion. Therefore, the sample should be analyzed
promptly, as described above. Heparin-coated
plastic capillaries are suitable for taking capil-
lary blood samples. Every manufacturer of
blood gas devices offers their own blood sam-
pling systems. Examples are Siemens Medical
Solutions RAPIDLyte pro, a self-filling system
with capacity selection, and Radiometer’s
safePICO with vented safeTTPCAP and an inte-
grated mixing ball, ensuring fast and thorough
mixing of the sample before analysis. Roche of-
fers, for example, the BS2 Blood Sampler and
the MICROSAMPLER for its blood gas sys-
tems. Other systems are also available on the
European market.

Ca®*-balanced heparin is the most fre-
quently used and most suitable anticoagulant,
as it does not change the acid-base balance.
If lyophilized heparin syringes are not used,
it is usually satisfactory to rinse a 2-mL syringe
with heparin solution, making sure that only
a volume of 0.1 mL of heparin remains in the
syringe conus. This way, an excess of heparin
solution can be avoided, which would other-
wise lower the pH of the sample (heparin is an
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acid mucopolysaccharide) and would lead to
dilution errors. A heparin solution using 500
or 1000 IU/mL to rinse the syringe is recom-
mended. A final concentration of 20-30 IU/mL
will remain in the sample.

Blood gas analysis is often combined with a
measurement for electrolytes and therefore
only lithium heparin is suitable, not sodium or
potassium heparin. As all heparins can bind
positively charged ions such as Ca?", syringe
systems with electrolyte compensating hepa-
rins were developed for the use of combined
blood gas and electrolyte analysis. These elec-
trolyte-balanced heparin solutions eliminate
the interference from ion binding (e.g. Pico
sampler by Drott Medizintechnik).

4.2.6 Blood samples from central
lines

The sampling of blood via intravascular needles,
cannulas or central lines is very common, par-
ticularly in intensive care units. Before the sam-
ple is taken, the central line should be flushed
with heparin and a minimum of twice the line
volume, approximately 2-5 mL blood, should
be discarded to avoid sample contamination
with infusion solutions or medications [10].
The time between the last infusion and blood
sampling should be at least 15 minutes. Particu-
lar caution needs to be taken when POCT sys-
tems are employed, as they are more sensitive to
interfering substances than large central labora-
tory devices.

4.2.7 Taking swabs

Various sample swabs are used particularly for
POCT diagnostics of pathogens. Common sites
are nasal, pharyngeal, inguinal, rectal or
wounds, depending on the suspected pathogen.
Multiple sites may need to be swabbed to iden-
tify a specific pathogen [19]. Different swabs
are used for different sites [15]. Generally, the
swab should be moistened when taking a sam-
ple from a dry surface. Avoid contamination.
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All contaminated materials need to be disposed
of safely. The swab often remains in the
single-use cassette of the POCT device. While
antibiotic use prior to sample taking must be
avoided with conventional microbiological
methods based on pathogen culturing, this pre-
caution is not relevant for molecular POCT
methods as these tests adopt a nucleic acid
amplification technique.

4.2.8 Urine sampling

Urine is usually collected by non-invasive
methods, which makes it particularly practical
for POC testing by the patients themselves. The
time of collection is, however, important as
many analytes in the urine show a significant
circadian rhythm. The first morning urine is
particularly useful for nitrate and protein de-
tection. Urine fractions are not uniform. The
first urine fraction is often contaminated with
pathogens from the urethra. Mid-stream urine
is the preferred sample for many tests, as most
analytes are diluted in the last urine fraction.

4.2.9 Inspection of the sample

Routine inspections in the central laboratory
identify hemolytic, lipemic and icteric blood
samples, which is not possible with POCT, as
whole blood samples are mainly used. Hemolyt-
ic blood samples are of particular concern and
cause by far the most frequent pre-analytical
errors in many assay methods. The only solution
— albeit unsatisfactory - is the avoidance of
hemolysis by employing the proper sampling
technique. A similarly difficult problem to solve
involves micro-clots present in samples for he-
mostaseological or blood gas analyses and often
not detected by inspection. Many POCT sys-
tems carry out internal checks to identify and
reject unsuitable samples. To date, blood gas
analyzers do not yet feature integrated hemoly-
sis detectors as explained in » Chapter 14. In-
tra-vascular hemolysis cannot be detected when
heparinized blood samples are used.

4.2.10 Reliable identification
of patient and sample

Many POCT devices take the sample directly.
Therefore, sample containers usually do not
need to be labeled, but the patient must be iden-
tified properly and the test documented cor-
rectly. Where POCT devices are used pro-
fessionally, a barcode e.g. from the patient’s
wrist band is scanned directly into the device.
This kind of technical option is not available in
simpler POC tests, such as lateral flow assays.

Important pre-analytical errors and

problems

= |nadequate patient preparation
(e.g. diet prior to function tests)

= |nadequate information about a

patient’s condition (e.g. medication

history, body temperature and body

position in blood gas analysis)

Incorrect patient identification

Incorrect sampling time (for example

in oral glucose tolerance test and

other function tests, lack of considera-

tion of circadian rhythm)

= |ncorrect sampling technique (for
example by capillary blood: incorrect
site or insufficiently hyperemized skin,
hemolysis due to tissue squeezing;
contamination when collecting from a
central line)

== Transmission of infections from insuffi-
cient hygiene measures

4.3 Post-analytical phase

The post-analytical phase of the diagnostic
process begins once the parameters have been
measured. This phase comprises the following
key steps:
Technical and possibly medical validation
of test results
Reporting the results to the attending
clinician
Entry of the results in the (electronic)
medical record
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Documentation of the person who carried
out the test

Recording of the results in an electronic
information system (if available)

Securing documentation over the period
of time for medical, legal and organiza-
tional reasons.

Post-analytical errors are often less obvious than
pre-analytical ones, but equally important for
the quality of the results. The following post-an-
alytical errors and problems are not necessarily
POCT-specific, but definitely POCT-relevant.
Because fewer checks are available with POCT,
there is a risk that POCT errors will have a big-
ger impact on a patient until the findings affect
further action by the physician [12]. Post-ana-
Iytical errors often depend on organizational
situations, such as how far devices, wards, out-
patients, laboratories and hospital administra-
tion are interlinked (» Chapter 26). As in the
pre-analytical phase, a well-designed device can
prevent errors. Clearly visible warning signs dis-
played on the device can ensure that extremely
divergent values are recognized as such.

Important post-analytical errors and

problems

= |nsufficient validation of results carried

out under pressure for short turn-

around times

Incorrect classification of results

Incorrect or incomplete verbal report-

ing of results, such as missing or

wrong metrological units

== Delayed reporting of alarm limit excur-
sions

== Confusing result reporting, missing
notification of results outside the
normal reference range

== Errors in data storage in the laboratory
or hospital information system

== |ncorrect or incomplete documenta-
tion, such as verbal result reporting
without entry in the medical record.
No documentation of person who
performed the test
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4.4 Avoiding pre- and

post-analytical problems

Pre- and post-analytical — as well as analytical
— errors are not completely avoidable [11, 13],
but can often be significantly reduced by organ-
izational measures. A number of recommenda-
tions have been issued (6, 9, 11, 12, 16, 17, 20];
detailed information can also be found in the
RiliBAK and DIN EN ISO 15189 (» Chapter 36
and 38). The likelihood of pre- and post-analyt-
ical errors can be significantly reduced by em-
ploying a well-designed POCT device. For ex-
ample, if a device only allows a measurement
when a patient’s barcode has been scanned, this
considerably reduces the risk of inadequate pa-
tient identification. Automated data transmis-
sion into a laboratory information system can
eliminate transmission errors, too.

Sources of errors, which cannot be resolved
by design changes, need to be minimized care-
fully when carrying out the test. All pre- and
post-analytical steps ought to be described cor-
rectly and detailed procedural instructions es-
tablished (standard operating procedures,
SOP), which can be summarized in the POCT
quality management manual.

The DGKL working group “Reference
Values” has published an exemplary SOP for
the pre-analytical phase, which is an important
aid for the standardization of pre-analytical
conditions [8].

Furthermore, a competent governance
committee (e.g. the POCT committee; » Chap-
ter 30) should develop strategies for error pre-
vention as well as track and reduce incidents,
including possible changes in the working pro-
cesses. Intensive staff training on a regular basis
and good communications is of vital impor-
tance as well.
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