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Preanalytical errors are said to be the reason for up
to 75 % [1] of all errors in laboratory medicine. The
diagnostic consequences depend on the magnitude of

the preanalytical error.

In worst case, these errors may lead to mistreatment of
patients; in all cases, these errors are an extra workload
for the hospital staff involved. It is in the interest of
everybody involved in laboratory medicine and the
safety of the patients to keep the preanalytical factors

under control.

One way to avoid preanalytical errors is to implement
standardized procedures and educate all staff involved
in all phases of the sampling process: from patient

preparation to analysis of the sample.

This article provides useful tips for avoiding preanalytical
errors on electrolyte parameters; tips which you can
incorporate in your standardized procedures and
training of your staff. The article is a part of a series
of articles dealing with preanalytical errors in blood gas
testing.
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Introduction

For the purpose of this article, a preanalytical error
is defined as a deviating result caused by one of the
following steps in the preanalytical phase:

e Patient preparation

e Blood sampling

e Sample handling

e Sample transport and storage

This article focuses on preanalytical issues concerning
the electrolyte parameters available on a modern blood
gas analyzer (cNa*, cK*, cCa?*, cC") when measured on
an arterial whole-blood sample together with the blood

gas parameters.

However, the focus of the article is not restricted to this
application only, as electrolyte values can also be measured
on venous blood, capillary blood, plasma, and serum.

The article does not deal with analytical factors causing
a deviation in results or with biological variations.
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The article starts by giving a general description of
the five main reasons of preanalytical errors when
measuring electrolytes and the biochemical background

of their influence on measurements.

Next, it provides lists with useful tips on how to
avoid preanalytical errors when measuring electrolyte
parameters on blood gas analyzers. The lists can be used
as checklists when a specific problem is encountered, or
as a tool to supplement or expand the knowledge of the
staff involved in laboratory medicine, e.g. when updating

procedures or when conducting refresher training.

PREANALYTICAL ISSUES - FIVE
MAIN REASONS OF PREANALYTICAL
ERRORS

The five main reasons of preanalytical errors when

measuring electrolytes on a blood gas analyzer are:

Anti-coagulants
Sampling from catheters
Hemolysis

Storage

v W =

Evaporation
Anti-coagulants

NCCLS[2]recommends the exclusive use of preheparinized
sample tubes or syringes for electrolyte measurements on
a blood gas analyzer. Other anti-coagulants, e.g. EDTA,
can change the pH of the sample slightly as it is a weak
acid. Changing pH will also affect the concentration of
other parameters in the sample, e.g. cCa®*. In addition,
the following issues should be considered:

1.1 Binding effects of heparin

When heparin is added to whole blood it forms a
complex with antithrombin I, and the blood’s ability
to coagulate is inhibited. Heparin also binds all positive

ions in blood, especially calcium ions.

To eliminate this effect on calcium, potassium and
sodium, some sampling devices come with electrolyte-
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balanced heparin, which compensates for the binding

effect within the normal range of the electrolytes.

An example:

Non-compensated heparin may cause an error on cCa?*
of as much as 6 %. This means that a sample with a
true cCa?* of 1.15 mmol/L will report a value that is
0.07 mmol/L too low - that corresponds to 50 % of the
reference range (1.15-1.29 mmol/L) [3].

Samples with a very high or very low cCa?* may be
affected by a small positive or negative bias even with
electrolyte-balanced heparin. This effect, however, is
only reported to be significant if the syringe is less than
1/3 full [4].

1.2 Dilution with liquid heparin

If heparin is added to the sample in liquid form, the
plasma phase of the sample will be diluted, leading
to significant deviations of the electrolyte parameters.
Therefore dry heparin is recommended [4].

1 mL whole blood sample
(Hct 45 %)

liquid heparin W

0.05 mL

0.60 mL

Dilution 10 %

plasma 0.55 mL >

_/

blood cells
0.45 mL

FIG. 1. Dilution of 1 mL whole blood sample (Hct 45 %).

Page 2

Article downloaded from acutecaretesting.org


http://acutecaretesting.org
http://acutecaretesting.org/en/articles/useful-tips-to-avoid-preanalytical-errors-in-blood-gas-testing-electrolytes

An example:

As Fig. 1 shows, an addition of 0.05 mL liquid heparin
to 1 mL whole-blood sample (Hct 45 %) will dilute the
plasma phase by 10 %. Since the electrolyte parameters
are determined in plasma, the concentrations of these
parameters will decrease accordingly.

2. Sampling from catheters

When sampling from catheters, an important aspect to
consider is dilution or contamination by flush solution.
Flush solutions consist of saline (0.9 % NaCl) with or
without heparin added and are present in all catheters
to avoid clotting.

When sampling from a catheter, it is important to
remove an adequate amount of fluid (also called the
discard volume, consisting of flush solution and blood)
before sampling to avoid interference and dilution from/
by the flush solution on the electrolyte, pH, and blood

gas parameters.

The tube volume between the catheter and the sampling
port is called the dead space. This volume varies from
brand to brand, but the term dead space makes it

possible to give a multiple-system guideline.
Arterial catheters

Critically ill patients in an ICU are often equipped with
an arterial catheter. Catheters are used for multiple
sampling to measure pH, blood gases, and electrolytes.
A recent study [5] in this area has shown that to obtain
results that are not clinically affected by the flush

solution, twice the dead space has to be removed.

The same study showed that to obtain results that are
statistically unbiased by flush solution, 5.5 times the
dead space has to be removed [5].

2.2 Peripheral venous catheter

Another common way to obtain blood samples from

critically ill patients for analysis of the electrolyte status
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is to use a venous catheter. Venous catheters are used

for IV infusions and transfusions.

However, this sampling technique may also cause
problems on e.g. potassium measurements, possibly
because of hemolysis (caused by shearing forces),
hemodilution, or contamination by the intermittent
with

concentrations of potassium [6].

infusions solutions  containing  various

An example:

A study [6] showed that the difference between cK* in
samples drawn from a peripheral catheter after 3 mL of
fluid were discarded and from a venipuncture from the
other arm is 0.37 mmol/L. This difference corresponds
to approx. 9 % of the reference value for cK* (3.5-5.0

mmol/L).
3. Hemolysis

Hemolysis causes the release of intracellular components
from destroyed erythrocytes (red blood cells) into the
extracellular fluid. One of the components is free
hemoglobin, which will give the plasma or serum a visible

red color when the concentration is above 0.02 g/dL [26].

Some of the components, e.g. potassium (K*), are up to
30 times as concentrated in the intracellular compartment
as in the plasma phase. Therefore, the potassium
measurement will be highly affected by hemolysis.

Extracellular
Compartment

cNa* :140 mmol/L
cK* :4.0 mmol/L
cCa? :1.2 mmol/L
cCl:110 mmol/L

FIG. 2a. The intra- and extracellular compartments. Before hemolysis.
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mix of intra- and extra
cellular compartments

cNa* : 136 mmol/L
cK* : 7.0 mmol/L

cCa? : 1.1 mmol/L

FIG. 2b. 5 % hemolysis (~ 0.8 g/dL free hemoglobin). After hemolysis.

Hemolysis is one of the most frequent preanalytical
errors occurring during patient preparation, the sampling
process or handling of the sample:

3.1
The erythrocytes will hemolyze if they get in contact with
the alcohol used for disinfection of the sampling site [7].

3.2

Intravascular hemolyzation may occur during blood
transfusion, depending on the age of the transfused
blood [8].

3.3

A very intense aspiration when filling the tube or syringe
caused by e.g. obstruction in the needle or too narrow
needle size may lead to hemolyzation [9,10].

3.4

Freezing or storage close to the cooling element in the
refrigerator may lead to hemolyzation.

35

Mixing or shaking the sample too hard may lead to
hemolyzation. Older pneumatic tubes may transport the
samples too vigorously [8].

The most common causes of hemolysis in capillary
sampling of neonatal blood are:

3.6

Squeezing the puncture site during sampling, which may
cause hemolysis and/or dilution by tissue fluid [11].
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3.7

Mixing the capillary sample too hard with a magnet and
a mixing wire/flea may destroy the more fragile red blood
cells of a newborn [12,13].

An example:

Hemolysis of as few as 0.5 % of the erythrocytes from a
specimen (~0.07 g/dL or 0.05 mmol/L free hemoglobin)
can increase the cK* by 0.5 mmol/L [14]. This corresponds
to approx. 12 % of the reference value for cK* (3.5-5.0
mmol/L). Fig. 3 shows the effect of different degrees of

hemolysis on cNa*, cK* and cCa?*.

0.5 %
Hemolysis
No 0.08 g/dl Hgb
Hemolysis (~0.05 mmol/L)

cK* : 4 mmol/L cK* : 4.5 mmol/L

cNa* : 140 mmol/L cNa* : NA
cCa? : 1.2 mmol/L cCa? : NA
5 % 10 %
Hemolysis Hemolysis
0.8 g/dl Hgb 1.5 g/di Hgb
(~0.5 mmol/L) (~0.9 mmol/L)

cK*: 7.0 mmol/L
cNa* : 136 mmol/L
cCa? : 1.1 mmol/L

cK*:10.0 mmol/L
cNa*: 133 mmol/L
cCa? : 1.0 mmol/L

FIG. 3. Degrees of hemolysis. Data combined from [14] and
unpublished data by Radiometer Medical A/S.
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It should also be mentioned that hemolysis has several

lowering effects on plasma cCa?*:

3.8
The calcium ions in plasma are diluted by the intracellular

compartment, which has a lower cCa?*.

39
Intracellular proteins released into the plasma binds free

calcium ions [15].
4, Storage
4.1 Diffusion across the cell membranes

The large difference in intracellular and extracellular
cNa* and cK* are maintained by the Na*/K* ATPase
pump in the cell membranes. The Na*/K* ATPase pump
is a protein placed in the cell membranes, which actively
transports ions across the membrane against the electro-
chemical gradient; therefore energy (ATP) is required for

the transport.

Extracellular
Compartment

()
@@B

cNa* :140 mmol/L
cK* :4.0 mmol/L

FIG. 4. The Na*/K*-ATPase pump in the cell membrane.

During storage at cool temperatures (0-4 °C) the
potassium will leak from the cells, since cool temperatures
will inhibit the pump function. This will increase cK* by
0.1 mmol/L the first hour and by 0.4 mmol/L per hour the
following hours [8,16]. Inhibition of the Na*/K* ATPase
pump will also drive sodium into the cells because of the
concentration gradient - see Fig. 3 [8].

4.2 Blood-cell metabolism

During storage the blood-cell metabolism continues.
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The glycolysis, which occurs mainly in the red blood cells
[17], is a process where glucose is converted into lactic
acid. Consequently, pH will decrease.

The change in pH affects numerous conditions in the
sample, among others protein’s capacity to bind calcium,
since hydrogen ions compete with calcium for binding
sites on albumin and other proteins. The rate of glycolysis
varies with the hematocrit value of the sample [18].

An example:

A study [19] shows that the rate of calcium increase
is about 5.3 % for a pH decrease of 0.1. During a
30-minute storage in gas-tight glass syringes, pH will
decrease -0.021 [17], resulting in a minor change of
calcium of about 1 %. However, when the sample is
stored in plastic syringes and the gases evaporate, pH

will decrease even more.

This means that if the general recommendation for
storage of samples for blood gas measurement is
followed, the diffusion across the cell membrane and

cell metabolism can be ignored.
5. Evaporation

Situations in which evaporation may occur:

51

If the sample is not obtained and stored under anaerobic
conditions, evaporation of the water phase, i.e. plasma/
serum, will at some point increase the concentration of

electrolytes in the sample.

5.2

Evaporation can also occur when a sample is stored
opened in a refrigerator. The evaporation increases due
to condensation on the cooling element [7].

5.3

An evaporation-like effect can be seen if a sample is
centrifuged without a cap. The less dense components of
the sample, such as the plasma phase, will be thrown out
of the vial. Increased electrolyte values of up to 132 %
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after centrifugation without a cap has been reported [9].

Conditions such as temperature, airflow, container
geometry, and fill volume will influence the effect of

evaporation on electrolyte measurements [20].
Useful tips

Below you will find detailed lists of preanalytical issues
affecting each of the four electrolyte parameters. The
information found in the lists is based on observations
reported in various works relating to the preanalytical
phase.

The column “due to” refers to the sections in this article.
Some of the observations have a larger impact on the
measurement result than others. Nevertheless, no
observation should be ignored. The lists can be used as
checklists for training in the different steps of sampling,

or whenever a specific problem is encountered during:

e  Patient preparation

*  Blood sampling

e Sample handling

e Sample transport and storage

Discussion

Because quality assessment and improvement are focus
areas within laboratory medicine and healthcare, many
recent articles describe the consequences of medical
errors [22,23]. A great part of these errors are related
to the preanalytical phase. Some of them go unnoticed,
whereas others result in further investigation, repeat
sampling, and repeat measurements - all of which add

costs to hospitals.

To avoid these additional costs and, more importantly,
to protect patients, it is necessary to be aware of the
consequences of preanalytical errors and to ensure
proper procedures and training of staff. With an
increasing amount of testing occurring at the point of
care, it is even more important to ensure the continuous

competence of staff.
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In this article the preanalytical errors described are

related to the following four steps:

e Patient preparation

*  Blood sampling

e Sample handling

e Sample transport and storage

There is no clear limit between deviations arising
from physiological and endogenous variables [9,24].
Sometimes there is also doubt whether an error derives
from the preanalytical or the analytical phase. Detailed
knowledge of different measuring methods affecting
the results is therefore also required, e.g. indirect vs.
direct measurement of the electrolyte parameters [25].

Conclusion

Determination of the electrolyte parameters is one
of the most frequent tests performed in laboratory
medicine, both in central laboratories and at the point
of care. This article discusses the five main preanalytical
errors relating to electrolyte testing and provides useful

tips on how to avoid these.
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Useful tips when measuring potassium (cK*)

Make sure that: To avoid: | Due to:

Patient preparation

The patient has not received blood transfusion just prior to the sampling K Hemolysis 3.2

The patient does not clench the fist several times before or during sampling since | cK*
contracting the forearm cause the release of potassium ions [21]

The skin is completely dry if it has been cleaned with alcohol prior to the sampling | cK* Hemolysis 3.1

An appropriate amount of flush solution is discarded prior to sampling from | cK*J, Sampling from

catheters catheters 2.1
2.2

Samples are drawn from venous catheters with caution [6] KM Sampling from

catheters 2.2

The sample is not drawn from an arm where infusion solution is being given or | cK* N, Sampling from

has been given within the last hour [7] catheters 2.2

Blood sampling

The needle size is adequate for arterial sampling K Hemolysis 3.3
The catheter or the needle is not partly obstructed by clots during sampling kK Hemolysis 3.3
The capillary sample is not obtained by squeezing the puncture site too hard K Hemolysis 3.6

The tourniquet is released after maximum one minute to avoid venous stasis | cK*

(hemoconcentration), which drives potassium out of the cells [8]

Dry electrolyte-balanced heparin is used as anticoagulant Kl Anticoagulants
1.1 1.2

Sample handling

The syringe or sampling tube is not mixed too vigorously kK Hemolysis 3.5

The mixing of the capillary sample with magnet and mixing wire/flea is not done | cK*/ Hemolysis 3.7

too vigorously

cK* is measured in plasma, as serum yield results 6.2 % higher due to lysis of the | cK+*

platelets during clotting [7]

The sample tube is sealed during centrifugation prior to the measurement K Evaporation 5.3

Sample transport and storage

The transportation in the pneumatic tube is not too turbulent K Hemolysis 3.5

The syringe or sample tube is not stored directly on ice kK Hemolysis 3.4

The sample is not stored too long at 0-4 °C kK Storage 4.1

The sample material is stored in an anaerobic tube or syringe K Evaporation 5.1
5.2
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Useful tips when measuring sodium (cNa*)

Make sure that: To avoid: | Due to:

Patient preparation

An appropriate amount of flush solution is discarded prior to sampling from cNa+ Sampling from
catheters catheters 2.1
2.2

The sample is not drawn from an arm where infusion solution is being given or | cNa* ™,
has been given within the last hour [7]

Blood sampling

Dry electrolyte-balanced heparin is used as anticoagulant cNatl, Anticoagulants
1.1 1.2

Sample handling

The sample is not hemolyzed cNa*d Hemolysis 3

The sample tube is sealed if it is centrifuged prior to the measurement [9] cNa+ Evaporation 5.3

Sample transport and storage

The sample is not stored too long at 0-4 °C cNa*d Storage 4.1
The sample material is stored in an anaerobic tube or syringe [7] cNa*t Evaporation 5.1
5.2

Useful tips when measuring calcium (cCa®*)

Make sure that: To avoid: | Due to:

Patient preparation

An appropriate amount of flush solution is discarded prior to sampling from cCa’*y Sampling from
catheters catheters 2.1
2.2

The sample is not drawn from an arm where infusion solution is being given or | cCa2* 1M

has been given within the last hour [7]

Blood sampling

Dry electrolyte-balanced heparin is used as anticoagulant cCa®*1{ | Anticoagulants
1.1 1.2
The tourniquet is released after maximum one minute to avoid venous stasis, | cCa%* Storage 4.2

which can lead to an anaerobic glycolysis with production of lactic acid and

decreased pH [8]

The manufacturer’s recommendation on the heparin-to-blood ratio is followed cCa?*tMy | Anticoagulants
1.1

Sample handling

The sample is not hemolyzed cCa?tl Hemolysis 3.8
3.9
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Sample transport and storage

The sample is measured within 15 minutes, if stored at room temperature, since | cCa2* Storage 4.2
glycolysis is increased at room temperature, which can lead to an anaerobic
glycolysis with production of lactic acid and decreased pH

The sample material is stored in an anaerobic tube or syringe cCa?* Evaporation 5.1
52 (4.2)

Useful tips when measuring chloride (cCl")

Make sure that: To avoid: | Due to:

Patient preparation

An appropriate amount of flush solution is discarded prior to sampling from cCl Sampling from
catheters catheters 2.1
22

The sample is not drawn from an arm where infusion solution is being given or | cCI' MY
has been given within the last hour [7]

Blood sampling

Dry electrolyte-balanced heparin is used as anticoagulant cClhd Anticoagulants
1.2

Sample handling

The sample is not hemolyzed cClry Hemolysis 3

The sample tube is sealed if it is centrifuged prior to the measurement [9] cCl Evaporation 5.3

Sample transport and storage

The sample material is stored in an anaerobic tube or syringe cCl Evaporation 5.1
5.2
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