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Abstract

Introduction: Blood gas analysis (BGA) is an essential test used for years to provide vital information in critically ill patients. However, the instability
of the blood gases is a problem. We aimed to evaluate time and temperature effects on blood gas stability.

Materials and methods: Arterial blood was collected from 20 patients into syringes. Following BGA for baseline, syringes were divided into groups
to stand at 4°Cand 22°C for 30, 60, 90, 120 minutes. All were tested for pH, partial pressure of carbon dioxide (pC0,), partial pressure of oxygen
(p0,), oxygen saturation (s0,), oxyhemoglobin (0,Hb), sodium, potassium, glucose, lactate, oxygen tension at 50% hemoglobin saturation (p50),
and bicarbonate. A subgroup analysis was performed to detect the effect of air on results during storage. Percentage deviations were calculated and
compared against the preset quality specifications for allowable total error.

Results: At 4°C, p0, was the least stable parameter. At 22°C, p0, remained stable for 120 min, pH and glucose for 90 min, lactate and pC0, for 60
min. Glucose and lactate were stable when chilled. Air bubbles interfered p0, regardless of temperatures, whereas pC0, increased significantly at
22°Cafter 30 min, and pH decreased after 90 min. Bicarbonate, s0,, 0,Hb, sodium, and potassium were the unaffected parameters.

Conclusions: Correct BGA results are essential, and arterial sample is precious. Therefore, if inmediate analysis cannot be performed, up to one

hour, syringes stored at room temperature will give reliable results when care is taken to minimize air within the blood gas specimen.
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Introduction

Arterial blood gas analysis (BGA) is an essential test
used for years to provide precise assessment of ox-
ygenation, ventilation, and acid-base status of crit-
ically ill patients. Results have a crucial role in mon-
itoring patients with serial measurements, as even
small variations can be of great importance due to
the low biological variation of significant blood
gas parameters (1-3).

Arterial blood gas analysis differs from other bio-
chemical testings for providing such vital informa-
tion in such a short time. Therefore, point of care
devices are highly requested in emergency and in-
tensive care units. However, fast results do not
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guarantee the correct results, as the devices out of
laboratory control causes undetected errors (3,4).
On the other hand, collecting and studying sam-
ples in the core laboratory brings along transpor-
tation caused interferences, such as clots and
changed parameters due to prolonged storage,
the pneumatic tube transport system caused air
contamination, all of which shadows the value of
the BGA (5,6).

According to the previous literatures, the blood
gas specimens are among the most rejected sam-
ples which results in resampling, delay in analysis,
and increased costs (7-9). It is still unknown under
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which conditions the stored samples maintain
their stability or which samples can no longer give
correct results. The diversity and inadequacy of
the studies on this subject are also confusing and
there are still reports that it is the right practice to
transport the samples on ice. In addition to the
variability of the ambient conditions, the syringe
material used should be tested by the laboratory
used, and poor quality devices should be eliminat-
ed (10,11).

Years ago, the glass syringes were replaced with
the plastic ones for being safe and cheap. Howev-
er, the permeability limits the usefulness of the
plastic syringes instead of the less permeable glass
ones that affects the results even beyond vital lim-
its (12-14). We therefore tested the effect of stor-
age temperature and time delay on blood gas sta-
bility. A subgroup analysis was performed to de-
tect the effect of air on results during storage.

Materials and methods

Subjects

This experimental study was conducted in the in-
tensive care unit (ICU) of the Izmir Atatiirk Re-
search and Training Hospital in an eight-month
period. For the study, arterial blood samples were
collected from 20 patients admitted to the same
ICU, for whom daily arterial blood gas is required.
The blood was obtained from their intra arterial
catheter. We used 2 mL (electroliquid balanced
100 international unit dry lithium heparin) plastic
syringes with gasket (Reference number: GNJ-
S-2.5, Genject, Ankara, Turkey).

This study protocol was approved by the Interven-
tional Clinical Studies Institutional Review Board
(Reference number: 58/2018) of Izmir Katip Celebi
University, Turkey. The study design complies with
the Declaration of Helsinki ethical standards. The
legal guardian of each patient was informed about
the procedure by the physician of the ICU, the co-
author of the study. The written informed con-
sents for the involvement in the study were signed
by their legal guardian prior to blood collection.
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Methods

A total of 10 plastic syringes of arterial blood was
collected, 2 mL of each sample. Any visible air
bubble in the sample was expelled carefully. Sy-
ringes were also checked for clots. All were invert-
ed gently up and down, rolled between the palms
before the analysis.

For the purpose of the study, syringes were divid-
ed into two groups to stand in two different tem-
peratures (in the refrigerator (4 °C) and at room
temperature (22 °C)), and to contaminate with air.
Following immediate analysis for baseline, syring-
es were stored at 4 °C or at 22 °C, then studied
after 30, 60, 90, 120 minutes. A subgroup analysis
was performed to detect the effect of air on re-
sults during storage.

To contaminate with air, we pulled down the
plunger to force the room air inside the syringe.
Eight samples of each subject were reconstituted
as 2 mL blood with 0.5 mL air. Each time point, one
of the contaminated samples was studied. For the
non-contaminated samples, analyses were per-
formed with the same samples stored at two dif-
ferent temperatures. The temperatures of the
room (ICU) and the refrigerator were continuously
monitored using data loggers.

Samples were analysed for pH, partial pressure of
oxygen (p0O,), carbon dioxide (pCO,), hemoglobin
oxygen saturation (sO,), bicarbonate (HCO;), lac-
tate, p50 (oxygen tension at 50% hemoglobin sat-
uration), O,Hb (oxyhemoglobin), glucose, sodium,
and potassium. Bicarbonate and p50 were calcu-
lated by blood gas analyser (bicarbonate from
Henderson-Hasselbalch equation, p50 from sO,
and p0,)) (15,16). The analyser we used (ABL800
Flex (Radiometer, Copenhagen, Denmark)) has a
co-oximetry module based on a multiwavelength
spectrophotometric optical system that measures
total hemoglobin concentration, O, saturation,
and Hb fractions such as oxyhemoglobin (O,Hb),
deoxyhemoglobin (HHb), methemoglobin
(metHb), carboxyhemoglobin (COHb) in a blood
sample through the absorption spectra of the giv-
en analytes. The spectrophotometer is connected
via an optical fiber to a combined hemolyzer and
measuring chamber (16). In this study, sO, and
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O,Hb were measured by co-oximetry. The meth-
ods the analyser used are tabulated in Table 1.

The analytical performance of the blood gas anal-
yser was evaluated. The within-run imprecision
was tested through the measurement of the quali-
ty controls (Qualicheck 5+) at two levels, supplied
by Radiometer, in 10 sequential runs. The internal
quality control was run daily during the study pe-
riod. Same analyser in the ICU was used by the
same laboratory practitioner.

Statistical analysis

Coefficients of variation (CV) of each parameter at
each level were calculated with the formula CV% =
standard deviation (SD)/Mean. The obtained preci-
sion estimates were compared against the preset
desirable quality specifications for imprecision by
Ricos etal. (17).

For bias estimation, the result of each parameter
was compared with the baseline. Percentage devi-
ations were calculated with the equation ((C, - C;)/
Cg) x 100, where Cg is the baseline value and C,
the mean or median of the experimented sample.

The deviations were compared against the desir-
able quality specifications estimated by Ricos et al.
and the Royal College of Pathologists of Austral-
asia (RCPA) for allowable total error (17,18).

Statistical analyses were performed with paired
samples t-test or Wilcoxon signed rank test, ac-
cording to their distributions by using statistical
package for Windows, Version 21.0, SPSS Inc. (Chi-
cago, USA). A P value < 0.05 was considered statis-
tically significant.

Results

The CV’'s calculated are presented in Table 1. The
imprecisions were all within the estimated data by
Ricos et al. (17). The data for pO, and sO, were not
available in the preset criteria by Ricos et al., for
which the estimated CV’s were < 1.4 and < 4, re-
spectively.

Arterial blood gas results related to the time and
temperature changes are shown in Table 2.

TasLE 1. Methods, quality control assigned values, and within-run imprecision results for blood gas parameters

Parameter Method Level Mean CV (%) Ricos desirable (%)
pH Potentiometry 1 7.089 0.08 0.1
2 7.395 0.03 0.1
pCO,, kPa Potentiometry 1 9.44 217 24
2 5.49 0.94 2.4
pO,, kPa Amperometry 1 204 1.36 -
2 14.9 1.37 -
SO, % Spectrophotometry 1 50 0.13 3.8
2 97 0.32 3.8
O,Hb, % Spectrophotometry 1 445 0.2 -
2 924 0.2 -
p50, mmHg Calculated - - -
HCO;", mmol/L Calculated 1 239 1.26 2
2 24.4 0.48 2
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TaBLE 1. Continued.

Parameter Method Level Mean CV (%) Ricos desirable (%)
Na, mmol/L Potentiometry 1 161 0.3 0.3
2 140 0.3 0.3
K, mmol/L Potentiometry 1 1.8 1.6 2.3
2 3.8 1.3 23
Glu, mmol/L Amperometry 1 1.6 2.6 2.8
2 5.7 2.3 2.8
Lactate, mmol/L Amperometry 1 4.5 2.64 13.6
2 1.6 0 13.6

Radiometer, Qualicheck 5+ Level 1 and 2 were used for within study CV’s and were calculated by analysing blood gas parameters
in 10 sequential runs. Bicarbonate and p50 were calculated by the analyser (16). Estimated CV's were compared with the desirable
quality specifications derived from Ricos et al. (17). CV% - coefficient of variation. Glu - glucose. HCO,- - bicarbonate. K - potassium.
Na - sodium. O,Hb - oxyhemoglobin. pCO2 - partial pressure of carbon dioxide. pO2 - partial pressure of oxygen. p50 - oxygen
tension at 50% hemoglobin saturation. sO2 — oxygen saturation. Level-1,2 - Quality control levels 1 and 2.

Without air bubbles

At room temperature, statistically significant de-
creases were observed for pH, glucose, potassium,
and HCO;", whereas statistically significant increas-
es were found for pCO,, lactate, and p50. At 4 °C,
statistically significant decreases were detected
for pH, and glucose, whereas statistically signifi-
cant increases were found for pO,, pCO,, lactate,
potassium, HCO;", sO,, O,Hb, and p50. Clinically
significant biases were observed for pH, pCO,, lac-
tate, and glucose at room temperature, for pO,
and pCO, at 4 °C (Table 2).

With air bubbles

Air bubbles interfered pO, quickly. In samples
stored at room temperature, statistically signifi-
cant decreases were observed for pH, HCO;", glu-
cose, and potassium, whereas statistically signifi-
cant increases were found for pO,, pCO,, sO,, lac-
tate, and p50. In samples stored in the refrigerator,
statistically significant decreases were observed
for pH and glucose, whereas statistically signifi-
cant increases were observed for pO,, pCO,, sO,,
O,Hb, HCO,, lactate, potassium, and p50. Clinically
significant biases were observed for pH, pO2,
pCO2, lactate, and glucose at room temperature,
for pO, at 4 °C (Table 2).
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Discussion

Changes in blood gas concentrations during stor-
age have been evaluated in many studies under
various conditions, hence resulted in different sug-
gestions (19-21). According to our findings, BGA re-
sults were clinically acceptable in samples stored
at room temperature for up to one hour, unex-
pectedly. However, contamination with air altered
blood gases, especially the pO,, as expected.

The practice of keeping glass syringes on ice is an
old practice to slow down the metabolism and is
no longer recommended for plastic syringes (1,3).
The rate of cellular metabolism is much faster in
patients with very high leukocytes or platelet
counts (3,22). The cells in the whole blood use glu-
cose and O,, produce CO,, hence decrease the pH
and increase lactate due to continued glycolysis. In
this study, we used fresh blood samples to dem-
onstrate cell metabolism. And we kept the syring-
es in the refrigerator in order to ensure homoge-
neous cooling at the specified degree. The small
oxygen molecule (O,) is more vulnerable than
larger CO, molecules to diffuse across the plastic
wall (13). The pores of the plastic syringe wall en-
large in the cold due to molecular contraction
(23,24). Cooling the samples causes an increase in
Hb’s affinity for oxygen to bind to deoxyhemoglo-

https://doi.org/10.11613/BM.2022.020708

4



Preanalytical errors in blood gas analysis

Cuhadar S. et al.

TaBLE 2. Evaluation of the analytical deviations in various storage conditions
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TABLE 2. Continued.
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TasLE 2. Continued. bin, which promotes greater exogenous oxygen
flow (24). This might result in the release of oxygen
3 5 % £8 from the Hb when the sample is heated to 37 °C
w § § —% < while analysis causes falsely increased pO, (12,25).
< | X
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the total hemoglobin which is approximately
equal to the oxygen saturation in healthy individu-
als (15). Oxygen saturation is an important variable
in determining blood oxygen delivery in the body.
In a study by Arbiol et al., where they stored sam-
ples in either iced water, at 4-8 °C and at 25 °C with
a baseline sO, > 95%, the samples were found as
stable for sO, for over 60 min (27). Smaji¢ et al.
stored plastic syringes at room temperature for 60
min and observed significant decreases in sO,
(-1.24%) (28). In our study, the sO, changes were
clinically insignificant with a baseline > 98%. And
no clinically meaningful deviations were observed
for O,Hb.

The partial pressure of oxygen required to achieve
50% hemoglobin saturation is represented as p50,
which reflects the hemoglobin oxygen affinity and
tissue oxygenation. This parameter is calculated
by the blood gas analyser from oxygen tension
(pO,) and saturation (sO,). In state of acidosis, p50
increases. In this study, we observed increases in
p50, decreases in pH, which can be explained
again with the continuing cell metabolism.

Sophisticated new blood gas devices made it pos-
sible to measure electrolytes and glucose in a
short time, along with BGA in emergency and ICU
units. Serial blood gas measurements allow serial
electrolyte and glucose monitoring. This helps
physicians in the diagnosis and monitoring of the
blood gas and electrolyte imbalances. In this
study, sodium, potassium, and glucose gave clini-
cally acceptable results, irrespective of the storage
conditions.

As expected, samples contaminated with air inter-
fered pO, quickly, similar to previous studies, and
was greater in cold (29,30). However, blood pH
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