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Background: This study explored the differences, correlation, and consistency between blood glucose
levels measured using an arterial blood gas analyzer and a rapid blood glucose meter in critically ill patients.
Methods: A total of 73 critically ill patients admitted to the Department of Critical Care Medicine, from
October to December 2016 were enrolled in this study. The patient’s arterial blood glucose was measured by
arterial blood gas analyzer, while peripheral blood glucose was measured by a rapid blood glucose meter (via
the non-infusion limb). The correlation between indicators was analyzed using the linear regression model.
Bland-Altman was performed to evaluate the agreement of the two methods for measuring blood glucose.
P<0.05 was considered statistically significant.

Results: The blood glucose values measured using the arterial blood gas analyzer was significantly different
from the values obtained using the rapid blood glucose meter (P=0.000). Regression analysis showed that R2
was 0.857 and B was 0.324 (P=0.000). Bland-Altman plot analysis showed that arterial blood glucose values
obtained using the arterial blood gas analyzer were higher than the peripheral blood glucose values obtained
using the rapid blood glucose meter on the non-infused limb, with 2.74% of dots lying outside the 95% limit
of agreement and the maximum absolute value (2.30 mmol/L) of blood glucose difference within the limit of
agreement. The blood glucose levels measured using the two different methods showed good agreement.
Conclusions: The difference in blood glucose values measured using the two different measurement
methods was statistically significant, but the maximum absolute value (2.30 mmol/L) of blood glucose
difference within the limit of agreement, which is acceptable in the clinical setting. In clinical care, it is not
necessary to repeat a measure of the patient’s capillary blood glucose (CBG) using the rapid blood glucose
meter after the blood glucose levels have been measured with the arterial blood gas analyzer, thereby

reducing the associated pain and inconvenience for the patients.
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Introduction

Blood glucose monitoring in critically ill patients is vital for
avoiding the occurrence of stress-induced hyperglycemia,
hypoglycemia, and excessive glycemic variability (1).
In critically ill patients who are unable to express their
needs effectively, low blood glucose may result in fatal
hypoglycemic reactions and high blood glucose is
considered to affect their prognosis. Therefore, dynamic
and accurate monitoring and management of blood glucose
levels is essential for the prognosis of critically ill patients.

Common blood glucose monitoring methods used in
clinical practice include laboratory-based detection of
glucose in venous blood, arterial blood glucose detection
using a blood gas analyzer, and peripheral blood glucose
detection with a glucose meter (2). Venous blood glucose
measured by laboratory analysis is relatively accurate
and forms the international standard for the diagnosis
of diabetes. However, this method is expensive and time
consuming (3). The blood glucose meters can quickly
obtain the blood glucose values by measuring the peripheral
vascular blood glucose, which is convenient for clinical
nursing. Previous studies reported the high correlation
between capillary blood glucose (CBG) and venous plasma
glucose (VPQG) which is suitable for bedside examination
of hospitalized patients, especially in the emergency room,
the operating room, and the intensive care unit (ICU) (4).
Although measurement of glucose using a blood glucose
meter is assumed to be straightforward, there is a 15-20%
deviation due to the origin of the sample (arterial, capillary,
or venous) and variations in operation methods (4).
Therefore, the glucose meter is generally used for dynamic
monitoring of glucose. The arterial blood gas analyzer is
rarely used to determine blood glucose in the general wards
due to its greater trauma and high costs. However, in ICUs,
doctors usually need to adjust various ventilator parameters
with the help of arterial blood gas analysis values. In
addition, timely diagnosis and correction of the acid-base
imbalance in critically ill patients is crucial (5).

In the ICU, real-time monitoring of blood glucose is
required for critically ill patients (6,7). Continuous glucose
monitoring generally uses a glucometer to determine CBG
levels with a schedule of Q1-Q6 h. This study compared
the CBG levels measured using a glucometer and arterial
blood glucose levels measured using an arterial blood gas
analyzer at the same time (less than 2 minutes in between
readings) of critically ill patients in China. Any differences
or correlations, as well as any inconsistencies, between the
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2 methods were analyzed. We present the following article
in accordance with the MDAR checklist (available at http://
dx.doi.org/10.21037/apm-21-354).

Methods
Study subjects

Critically ill patients admitted to the ICU from October to
December 2016 were enrolled in this study. Patients who
met the following criteria were included in the study: (I)
patients aged 18-70 years old; (II) during treatment in the
ICU, the arterial blood gas analyzer was used and coincided
with the timing of CBG determination (Q1h-Q6h); and
(III) informed consent was obtained from the patient or
their family. Patients who required resuscitation, patients in
whom resuscitation was unsuccessful, and end-stage patients
were excluded from the study. The study was conducted in
accordance with the Declaration of Helsinki (as revised in
2013) and was approved by ethics board of Second Xiangya
Hospital, Central South University and informed consent
was taken from all the patients.

A total of 73 study subjects were enrolled, including 20
females and 53 males with a mean age of 50.29+1.39 years.
There were 26 cases who underwent thoracic surgery, 7
cases with orthopedic trauma, 10 cases with decreased
saturation of pulmonary infection, 16 cases who underwent
general surgery, and 14 cases who underwent dental surgery.
Out of the 73 patients, 15 presented with diabetes mellitus.

Blood glucose measurements

Arterial blood glucose measurement:

Arterial blood collection operators were familiar with
the procedure and received systematic training to avoid
repeated puncture and mixing of venous blood. The
PRE2A-PAK 2.5 mL arterial blood sampling kit was used
for blood collection. An arterial blood collection needle
was used to perform a puncture along the point with the
strongest pulse at an angle of 30-40°. Blood was allowed to
flow out naturally into the collection tube. Once 0.5 mL of
arterial blood had been collected, the needle was withdrawn
and inserted into the soft plug to prevent exposure to air
which can affect the blood gas results. Pressure was applied
to the puncture site for more than 10 minutes. Arterial
blood gas analysis was performed using a GEM-Premier
3000 blood gas analyzer according to the manufacturer’s
instructions. The relevant patient information was input
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Table 1 Baseline characteristics of critically ill patients

Characteristic Total (N=73)
Age, years 50.29+1.39
Diabetes mellitus 15 (20.55)
Male 53 (72.60)
Disease
Thoracic surgery 26 (35.62)
Orthopedic trauma 7 (9.59)
Pulmonary infection 10 (13.70)
General surgery 16 (21.92)
Dental surgery 14 (19.17)
Smoking
Yes 45 (61.64)
No 28 (38.36)

into the machine and the arterial blood glucose values were
recorded.

Peripheral blood glucose measurement: peripheral
blood samples were collected within 2 minutes before or
after arterial blood sample collection. Blood glucose was
measured using the Contour TS blood glucose meter and
blood glucose test strips. A fingertip on the non-infusion
side was selected for capillary blood collection. The
fingertip was disinfected with 75% ethanol and punctured
using the Sterilance Safety Blood Lancets, Press (Sterilance
Medical). The fingertip was gently pinched to allow the
blood to flow out naturally so that sufficient blood enters
the test hole of the test strip. The peripheral blood glucose
values were recorded.

Statistical analysis

Statistical analysis was performed by using SPSS 17.0
software. Measurement data were expressed as mean =
standard deviation (x + s). Measurement data were tested
for normal distribution. The correlation between indicators
was analyzed using the linear regression model. Bland-
Altman was performed to evaluate the agreement of the
two methods for measuring blood glucose. P<0.05 was
considered statistically significant.
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Figure 1 A comparison of arterial blood glucose and peripheral
blood glucose levels in patients. * compared with arterial blood

glucose group (each group was 73), P<0.05.

Results
The baseline characteristics of critically ill patients

A total of 73 study subjects were enrolled, including 20
females and 53 males with a mean age of 50.29+1.39 years.
There were 26 cases who underwent thoracic surgery, 7
cases with orthopedic trauma, 10 cases with decreased
saturation of pulmonary infection, 16 cases who underwent
general surgery, and 14 cases who underwent dental surgery.
Out of the 73 patients, 15 presented with diabetes mellitus
(Tible 1).

A comparison of arterial blood glucose and peripberal blood
glucose levels on the non-infusion side

The mean arterial blood glucose was (7.30+2.10) mmol/L
and the mean peripheral blood glucose was (6.49+1.81)
mmol/L for the 73 patients. There was a significant
difference between the two methods (P<0.05; Figure I).

The correlation between arterial blood glucose and
peripheral blood glucose levels

The peripheral blood glucose value (on the non-infusion
side) is the dependent variable, and the arterial blood

Ann Palliat Med 2021;10(3):3179-3184 | http://dx.doi.org/10.21037/apm-21-354



3182 Deng et al. Comparison of arterial blood glucose and peripheral blood glucose

35k :
IS 3.0
9]
2 osf ° +1.96 SD
53 s 5 ° 2.39
o g 20F
RS
8 o 15+ o® o oo
S 8 o
59 8° ° \
53 1.0 568 Mean
8 -? 05+~ o oo O‘:“ = 0.81
sg 05 000
=5 °
23 00 °
g [e]e] o o 8
051 ° 0 -1.96 SD
] = T S S S A/
2 4 6 8 10 12 14

mean blood glucose (mmol/L)

Figure 2 A Bland-Altman plot for arterial blood glucose and
peripheral blood glucose. SD, standard deviation.

glucose value is the independent variable. The regression
equation between arterial blood glucose values and
peripheral blood glucose values (on the non-infusion side)
in the 73 patients was Y = 1.075X + 0.324, F =425.425
(P=0.000), R? =0.857, B =1.075, t =20.626 (P=0.000). Since
85.7% of the variations in arterial blood glucose values in
the samples could be explained by the peripheral blood
glucose value (on the non-infusion side), this suggested that
the simple linear regression model was in good agreement

with the data.

Agreement between arterial blood glucose and peripheral
blood glucose

Figure 2 shows the agreement between arterial blood
glucose and peripheral blood glucose (on the non-infusion
side). As shown in Figure 2, the upper line of agreement is
2.39 mmol/L, the lower line of agreement is -0.77 mmol/L,
the mean deviation is 0.81 mmol/L, and the dots are
randomly dispersed on both sides of the mean line with
2.74% dots outside the 95% limit of agreement. Less
than 5% of the cases showed large bias between the two
measurement methods, and this can be considered a small
probability events. Therefore, the results indicated that the
two measurement methods showed good agreement. The
maximum absolute value of blood glucose difference was
2.30 mmol/L (one case with arterial glucose 8.2 mmol/L
and one case with peripheral blood glucose 5.9 mmol/L)
which was within the limit of agreement and is clinically
acceptable (Figure 2).
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Discussion

Blood glucose measurement in critically ill patients is
often affected by a variety of factors, such as instability
of pathological conditions, invasive therapy, and drug
administration (5,8). For critically ill patients, it remains
unclear which glucose measurement method is more
convenient, rapid, and accurate to facilitate clinical
treatments. Stress hyperglycemia is common among
critically ill patients, and hence regular monitoring of blood
glucose is important to maintain normal blood glucose
levels and protect vital organs such as the heart and brain (9).
For critically ill patients, especially those with ventilator-
assisted respiration and acid-base metabolism imbalance,
physicians need to adjust ventilator parameters based on
the results of blood gas analysis and regulate the patient’s
acid-base imbalance through fluid replacement. The
results in this study revealed that in critically ill patients,
the difference between arterial blood glucose values and
peripheral blood glucose values on the non-infusion side
was 1.31 mmol/L and the difference was statistically
significant, which was consistent with the results of previous
studies (10). It has been reported that the blood glucose
values measured by arterial blood gas analyzers are more
accurate than that measured by peripheral rapid glucometers
(8,11,12). In this study, Bland-Altman analysis showed that
the mean difference in blood glucose values measured by
the two methods was not equal to 0, suggesting that the
blood glucose values measured by the arterial blood gas
analyzer were different from the peripheral blood glucose
values measured by Contour TS blood glucose meter. Less
than 5% of dots lay outside the 95% limit of agreement
and the maximum absolute value (2.30 mmol/L) of blood
glucose difference was within the limit of agreement, which
is acceptable in the clinical setting. The results suggested
good agreement between the 2 measurement methods.
For critically ill patients, after successtul arterial blood
extraction when performing blood gas analysis, arterial
blood can be used to directly determine blood glucose
with a glucometer. This then avoids the need to collect
peripheral blood from patients again, thereby reducing the
associated pain and inconvenience for the patients.

This study has several limitations. Patients in ICU often
have complex conditions and their disease state can change
rapidly. However, this study did not investigate the presence
of hyperglycemia in patients with different diseases. Due to
the limitation of the sample size, the effects of peripheral
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skin condition, blood glucose levels, disease severity, mean
arterial pressure, and hematocrit levels on blood glucose
levels were not evaluated. This may have affected the
comparison between the 2 different methods of detecting
blood glucose levels.

Conclusions

The difference in blood glucose values measured by
the 2 different methods was statistically significant, but
is acceptable in the clinical setting. Clinically, patients
whose blood glucose levels have been measured by the
arterial blood gas analyzer will not require a repeat CBG
measurement using the rapid blood glucose meter.
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