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Abstract
Background: Blood gas analyzers are capable of delivering results on electrolytes and 
metabolites within a few minutes and facilitate clinical decision-making. However, 
whether the results can be used interchangeably with values measured by chemistry 
analyzers remains controversial.
Methods: In total, arterial and matched venous blood samples were collected 
from 200 hospitalized patients. Arterial blood samples were evaluated using a 
RAPIDPOINT 500 to test electrolyte and glucose levels, then the samples were cen-
trifuged and the same parameters were measured with an AU5800. Venous blood 
samples were processed and tested in accordance with standard operation proce-
dures. Data were compared by using a paired t test, the agreement between the two 
analyzers was evaluated by using the Bland-Altman test, and sensitivity and specific-
ity were calculated.
Results: Paired t tests showed that all parameters tested were significantly differ-
ent between the two analyzers except chloride. The biases calculated indicated that 
blood gas analyzers tend to underestimate the parameters, and the linear regression 
showed a strong correlation between the two analyzers. The sensitivity, specificity 
and kappa values demonstrated that the diagnostic performance of blood gas analyz-
ers is not satisfactory.
Conclusion: The significant reduction in parameter estimation and diagnostic perfor-
mance we observed suggested that clinicians should interpret results from blood gas 
analyzers more cautiously. The reference interval of blood gas analyzers should be 
adjusted accordingly, given that values are underestimated.
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1  | INTRODUC TION

Blood gas analysis (BGA) is an effective test that measures the par-
tial pressures of oxygen and carbon dioxide in the blood, as well as 
oxygen content, oxygen saturation, bicarbonate content, and blood 
pH.1 It allows clinicians to evaluate a patient's acid-base disorder 
and hypoxia; thus, BGA plays a vital role in managing acute respira-
tory failure, conducting surgery, and managing critically ill patients. 
Moreover, a certain number of manufacturers have provided addi-
tional tests, including assessments that measure electrolyte, lac-
tate, and glucose levels, which can give the clinicians more detailed 
insights into a patient's status and consequently help with patient 
management.2

It is generally acknowledged that electrolyte homeostasis is of 
critical importance in the proper functioning of several metabolic 
processes and organ functions in human body. Therefore, electrolyte 
disorders can be found in various medical conditions, such as chronic 
renal failure3 and diabetes mellitus,4 and even in some cancer patients 
who receive platinum-based chemotherapy.5 Glucose measurements 
are also very common in patients who were unconscious and admitted 
to the emergency department, as they allow clinicians to determine if 
the patients were suffering from hypoglycemic coma or the opposite, 
hyperosmolar coma. The advent of such blood gas analyzers greatly 
facilitates the management of these patients, especially those who 
are critically ill. The major advantage of these blood gas analyzers is 
that the tests do not require centrifugation. Moreover, the time that 
blood gas analyzers need is usually short as it takes approximately 2 or 
3 minutes for blood gas analyzers to finish the whole testing process.6

In contrast, autoanalyzers that are used to conduct biochemical 
analyses require samples to be centrifuged before testing; this pro-
cess would take at least 10 minutes. In addition to the preanalytical 
process, the electrolytes and glucose measurements in autoanalyz-
ers are rather time consuming because they employ sophisticated 
methods such as the hexokinase method, which requires a certain 
amount of time to acquire results. In the daily practice of clinical lab-
oratories, the turnaround time for tests in autoanalyzers is often set 
to 90 minutes, taking time for centrifugation, test processes, and the 
volume of samples into account. Although the results generated by 
autoanalyzers are believed to be more precise and reliable by most 
clinicians and even laboratory technologists, the relatively long turn-
around time of autoanalyzers limits the value of these tests in the 
management of critically ill patients.

A much debated question is that whether these parameters 
measured by two different kinds of instruments can be used inter-
changeably because clinicians are often confused by results gener-
ated by two different kinds of equipment, especially when they are 
significantly different from each other. A study conducted by Gavala 
et al7 pointed out that electrolytes were underestimated by blood 
gas analyzers, and, compared with autoanalyzers, 30% of the in-
cluded parameters were out of US Clinical Laboratory Improvement 
Amendment (USCLIA) accepted biases. Zhang et al8 reported an 
even higher rate of samples that violated USCLIA among 50 pa-
tients; to be more specific, 88% of samples surpassed USCLIA limits 

in potassium, and 64% surpassed the limit for sodium. However, the 
sample size in this previously conducted study was rather small. To 
investigate this matter better, we conducted a study by employ-
ing a RAPIDPOINT 500 blood gas analyzer (Siemens Healthcare 
Diagnostics) and a BECKMAN COULTER chemistry analyzer 
AU5800 (Beckman Coulter) to measure electrolytes and glucose in 
patients’ arterial blood samples at the same time, aiming to evaluate 
the agreement between the two instruments and gain insight into 
whether these results are interchangeable.

2  | MATERIAL S AND METHODS

2.1 | Study participants

We selected 200 patients who were admitted to Zhongshan 
Hospital, Xiamen University from September 2018 to March 2019, 
irrespective of their sex and age. Among these 200 subjects, 33% 
were admitted for respiratory diseases, 25% were admitted for car-
diovascular diseases, 15.5% were admitted for gastrointestinal dis-
eases, 8.5% were admitted for injuries, and 8.5% were chronic renal 
failure patients. The remaining 9.5% of patients were classified as 
having other diseases. The present study was approved by the Ethics 
Committee of Zhongshan Hospital, Xiamen University in accordance 
with the Helsinki Declaration.

2.2 | Instrumentation and procedures

The blood gas analyzer we used in the present study was a 
RAPIDPOINT 500 (Siemens Healthcare Diagnostics), and we selected 
a BECKMAN COULTER chemistry analyzer AU5800 to test the blood 
samples simultaneously. Genuine measurement cartridges  for 750 
tests were used to determine electrolytes and glucose levels with the 
RAPIDPOINT 500. Similarly, we also used genuine system reagents 
for the quantitative determination of glucose (Beckman Coulter, Lot 
No. 5182) and electrolyte levels (Beckman Coulter, ISE Reference Lot 
No. 5843, ISE Buffer Lot No. 5846, ISE Mid Standard Lot No. 5757) 
with a BECKMAN COULTER chemistry analyzer AU5800.

The calibration process and quality control for both analyzers are 
performed on a daily basis before testing samples. The quality of 
these instruments, along with the tests, were assured as they under-
went both internal and external quality control programs. Internal 
quality control data were acquired and analyzed in the laboratory 
information system every day and reviewed every month to assess 
if any changes were needed. The external quality program was or-
ganized by the Chinese National Center for Clinical Laboratories, 
and the abovementioned parameters were approved in the program 
both in 2018 and 2019.

Sample collection was conducted before an intravenous injection 
or administering oral medication to reduce the potential confound-
ing effects. Arterial blood samples were taken by using commercially 
available plastic arterial blood gas syringes coated with 25  IU/mL of 
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heparin (Becton, Dickinson and Company). After collection, samples 
were thoroughly mixed, rendered homogeneous and immediately sent 
to the clinical laboratory. Sodium, potassium, chloride, and glucose 
levels were measured by using RAPIDPOINT 500 within 30 minutes 
of collection. After the measurement process in RAPIDPOINT 500, 
each arterial blood sample was moved to a sterilized plastic tube, and 
then centrifuged at 1500 g  for 10 minutes. After centrifugation, the 
plasma isolated from arterial blood samples was tested for the above-
mentioned parameters in a BECKMAN COULTER chemistry analyzer 
AU5800. A paired venous blood sample was collected by using a lithium 
heparin tube from each patient at the same time, and then centrifuged 
at the same speed and duration as mentioned above. To minimize the 
interpersonal variations, the analyses with the RAPIDPONT 500 and 
AU5800 were conducted independently by two highly skilled techni-
cians to guarantee consistency. All procedures were conducted in ac-
cordance with the manufacturers’ instructions and Chinese National 
Guide to Clinical Laboratory Procedures.

2.3 | Statistical analysis

Data on electrolytes (sodium, potassium, and chloride) and glucose 
were transferred from the analyzers to a laboratory information sys-
tem and exported to an Excel file for further data analysis. All pa-
rameters are expressed as the mean ± standard deviation. A paired t 
test was used to analyze the differences in electrolytes and glucose 
between the two instruments in blood samples. The agreement be-
tween RAPIDPOINT500 and AU5800 on the abovementioned pa-
rameters was evaluated by using the Bland-Altman test with 95% 
confidence interval (CI) limits of agreement (LoA). To further analyze 
whether parameter measurements acquired by two instruments 
are correlated, we calculated the Pearson correlation coefficient. A 
strong correlation was considered if the coefficient was >0.8. We 
classified each parameter into two categories, namely, normal test 
results and abnormal test results. The sensitivity and specificity 
of the RAPIDPOINT500 in identifying abnormal test results were 
determined, and the test results of venous blood samples based on 
the AU5800 were used as the “Gold Standard.” Moreover, data on 
the red blood cell count, creatine level, uric acid level, bilirubin level, 
and vitamin C level were collected to analyze whether they have 

TA B L E  1   Reference interval for investigated parameters

Parameter Instrument
Reference 
interval (mmol/L)

Sodium RAPIDPOINT 500 136.00-145.00

AU5800 137.00-147.00

Potassium RAPIDPOINT 500 3.50-4.50

AU5800 3.50-5.30

Chloride RAPIDPOINT 500 98.00-107.00

AU5800 99.00-110.00

Glucose RAPIDPOINT 500 3.60-5.30

AU5800 3.90-6.10
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an impact on glucose measurements. All statistical analyses were 
conducted by using IBM SPSS version 25, and a P value <.05 was 
considered significant. Statistical plots were created by using the R 
package ggplot2.

3  | RESULTS

Table 1 presents the reference interval of each parameter tested by 
using different instruments, and these intervals are used in the clini-
cal diagnosis of our institution.

The mean, standard deviation, and range of each parameter are 
provided in Table 2. In addition, we also attempted to conduct two 
comparisons of each parameter. First, we compared the values of ar-
terial blood samples measured by the RAPIDPOINT 500 and plasma 
samples isolated from arterial blood samples that were evaluated via 
the AU5800 simultaneously by using paired t tests. The results sug-
gested that all parameters were significantly different when using 
different instruments (P < .001), except chloride (P = .517). We also 
conducted the same comparison between values of arterial blood 
samples measured by the RAPIDPOINT 500 and venous blood sam-
ples measured by the AU5800. In this comparison, all parameters 

F I G U R E  1  Bland-Altman analysis of Sodium (A), Potassium (B), Chloride (C), and Glucose (D) between arterial blood samples by 
RAPIDPOINT 500 and arterial plasma samples by AU5800 showing the 95% LoA
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F I G U R E  2  Bland-Altman analysis of Sodium (A), Potassium (B), Chloride (C), and Glucose (D) between arterial blood samples by 
RAPIDPOINT 500 and venous plasma samples by AU5800 showing the 95% LoA
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were significantly different between the two instruments. The sta-
tistical analysis indicated that these two methods have significant 
impacts on the results of electrolytes and glucose.

We further conducted a Bland-Altman analysis to evaluate the 
agreement between RAPIDPOINT 500 and AU5800 measurements, 
and the corresponding plots are displayed in Figures 1 and 2. Table 3 
presents the bias and the LoA between the two analyzers, and, as 
shown in the table, all parameters measured by the RAPIDPOINT 
500 were lower than those acquired by the AU5800 because average 
biases calculated by conducting two different comparisons are con-
sistently lower than zero, regardless of the parameter and reference. 
Nevertheless, we found that the average bias of sodium and chloride in 
comparison A is greater than that in comparison B. Conversely, the cor-
responding bias of potassium and glucose in comparison A is smaller 
than that in comparison B (see Table 3). We employed the LoA to an-
alyze the concordance between the two analyzers, and the LoA was 
set to the average bias ± 1.96 × SD. Based on this criterion, any value 
that exceeded the LoA was considered inconsistent between the two 

analyzers. However, the pairs outside the LoA were not entirely related 
to the intensity of the corresponding average bias. Using sodium as an 
example, the average bias calculated in comparison B was only −0.60, 
but the percentage of pairs outside the LoA reached 10%. In contrast, 
the bias of comparison A was −5.32, but the corresponding percentage 
was only 3%. Pearson's coefficient was calculated to estimate the cor-
relation between the two analyzers, and similarly, each parameter had 
two comparisons. Data from the linear regression showed that these 
parameters had a strong correlation regardless of the sample type and 
analyzer because all Pearson's coefficients were >0.850. Among them, 
the greatest Pearson's coefficient was observed in comparison A for 
glucose, which was 0.883, while the lowest coefficient was found in 
comparison A for sodium, which was 0.883. The scatter plots of the 
abovementioned parameters are displayed in Figures 3 and 4 with 95% 
CIs.

To assess the diagnostic performance of RAPIDPOINT 500 in elec-
trolyte and glucose measurements, we applied the reference interval 
demonstrated in Table 1 to classify original values into two different 

TA B L E  3  Agreement analysis between RAPIDPOINT 500 and AU5800

Parameter

Bias Limits of agreement No. of pairs outside LoA
Pearson's 
coefficient

Aa  Bb  Aa  Bb  Aa  Bb  Aa  Bb 

Sodium (mmol/L) −5.32 −0.60 −10.90 to 0.27 −5.25 to 4.04 6 (3%) 10 (5%) 0.883 0.904

Potassium (mmol/L) −0.08 −0.15 −0.32 to 0.16 −0.45 to 0.14 4 (2%) 7 (3.5%) 0.960 0.971

Chloride (mmol/L) −1.50 −0.07 −5.10 to 2.11 −0.87 to 0.52 7 (3.5%) 6 (3%) 0.941 0.959

Glucose (mmol/L) −0.17 −0.33 −0.87 to 0.52 −1.24 to 0.58 3 (1.5%) 10 (5%) 0.989 0.979

aArterial blood by RAPID POINT 500 vs Arterial plasma by AU5800. 
bArterial blood by RAPID POINT 500 vs Venous plasma by AU5800. 

F I G U R E  3  Linear regression of Sodium (A), Potassium (B), Chloride (C), and Glucose (D) between arterial blood samples by RAPIDPOINT 
500 and arterial plasma samples by AU5800. The Blue line indicates the linear model established and grey area nearby is the 95% CI. The 
linear equation and Pearson's coefficient were demonstrated in the figure
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statuses, namely, normal and abnormal. Based on this transformation, 
we calculated the sensitivity, specificity, kappa value, and Youden 
Index; the data are presented in Table 4. Notably, we only compared 
arterial blood samples (RAPIDPOINT 500) and venous blood samples 
(AU5800), and the latter was used as the gold standard. The reason we 
did not calculate the diagnostic performance of arterial plasma samples 
(AU5800) is that, in clinical practice, we do not use this approach to 
analyze samples. The sensitivity of the RAPIDPOINT 500 is relatively 
satisfying, as it ranges from 0.780 to 1.00 for different parameters; 
however, the specificity was lower, ranging from 0.502 to 0.711.

The Youden index of potassium was the highest, which reached 
1.707, and that of chloride was the lowest, which was only 1.600. 
The kappa value is an important indicator for evaluating the consis-
tency between the two methods, and as shown in Table 4, none of 
the kappa values for each parameter were higher than 0.750, indi-
cating inconsistency between the two analyzers.

4  | DISCUSSION

In summary, we conducted electrolyte and glucose measurements 
in arterial blood samples by using different analyzers, and venous 
blood samples were used as a reference for comparison to gain 

insight into whether blood gas analyzers can provide accurate 
results for these parameters. The blood gas analyzer we used in 
the present study was a RAPIDPOINT 500, which is capable of 
delivering results within approximately 60 seconds. This specific 
analyzer employs a potentiometric method using standard ion-
selective electrode (ISE) technology to measure electrolytes and 
an amperometric method using an enzyme electrode that contains 
glucose oxidase to quantify glucose levels. In addition to the rapid 
analysis procedure, the RAPIDPOINT 500 also has an advantage 
in that it does not require a large blood sample for analysis, which 
would significantly reduce the present difficulties nurses experi-
ence when preparing eligible samples. That being said, the reli-
ability of blood gas analyzers must be compared with automated 
chemistry analyzers, which are widely accepted by clinicians. 
Hence, we collected 200 arterial blood samples and matched ve-
nous blood samples from hospitalized patients at exactly the same 
time to improve the comparability of these samples.

The major finding of the present study is that we observed sig-
nificant differences between the two analyzers in measuring arte-
rial blood samples by using paired t tests, except for glucose levels, 
indicating the presence of inter-device variability. We further com-
pared the results of arterial blood samples from the RAPIDPOINT 
500 and matched venous blood sample data from the AU5800, and 

F I G U R E  4  Linear regression of Sodium (A), Potassium (B), Chloride (C), and Glucose (D) between arterial blood samples by RAPIDPOINT 
500 and venous plasma samples by AU5800. The Blue line indicates the linear model established and grey area nearby is the 95% CI. The 
linear equation and Pearson's coefficient were demonstrated in the figure
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Parameter Sensitivity Specificity Kappa Youden index

Sodium (mmol/L) 0.800 0.821 0.617 1.621

Potassium (mmol/L) 0.974 0.733 0.502 1.707

Chloride (mmol/L) 0.780 0.820 0.599 1.600

Glucose (mmol/L) 1.000 0.639 0.711 1.639

TA B L E  4  Sensitivity and specificity of 
RAPIDPOINT 500
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all parameters showed significant differences, which means that the 
rapid test results may not be interchangeable with the gold stan-
dard used by clinicians. A similar study conducted by Solak9 sug-
gested that blood gas analyzers tend to underestimate the sodium 
level when compared with chemistry analyzers, regardless of their 
absolute sodium level in the blood. Gavala et al7 conducted a sim-
ilar comparison in a small sample size, and both sodium and potas-
sium showed a significant reduction in the blood gas analyzer data, 
judging from biases calculated and statistical analysis. Our results 
for sodium, potassium, and chloride levels were completely consis-
tent with the abovementioned publications. The bias we found in 
comparison A can be attributed to the different methods that these 
two analyzers employed, especially regarding the electrolytes. The 
direct ISE method is universally used with blood gas analyzers, while 
the indirect ISE method is applied in chemistry analyzers. It is be-
lieved that plasma protein concentrations are the major confound-
ing factors that lead to this discrepancy between the two methods. 
Dimeski et al10 conducted a retrospective study reviewing clinical 
laboratory data from 3 months and observed that hypoproteinemia 
is mainly associated with the overestimation of sodium levels when 
using the indirect ISE method, although 50% of samples with a pro-
tein level >100 g/L also violated the USCLIA 88 rule by comparing 
two methods. Therefore, it can be concluded that either hypopro-
teinemia or hyperproteinemia can lead to the disagreement we 
have experienced in clinical practice. Hypoproteinemia, in particu-
lar, is very common among aged hospitalized patients, and it can be 
caused by a wide range of diseases, including cancers,11 infections,12 
and other diseases related to protein synthesis. Given the high prev-
alence of hypoproteinemia among hospitalized patients and criti-
cally ill patients, the use of two methods to measure electrolytes can 
potentially lead to confusion and erroneous clinical management if 
the sodium level is poorly evaluated.13 In comparison B, which com-
pares arterial blood samples and venous blood samples, the biases 
of electrolytes are smaller, except for potassium. It is worth mention-
ing that this comparison has a more realistic meaning in real-world 
circumstances. However, the significant reduction in electrolytes 
indicates that the results obtained by blood gas analyzers should be 
interpreted with caution.

In the linear regression, we obtained a high Pearson's coefficient 
regardless of the comparison we conducted or which parameter we 
tested. Although all coefficients were >0.800, this strong correlation 
can only be considered from a statistical perspective. If we take the 
intercepts into account, it would affect the results and may lead to a 
different conclusion. Our data are inconsistent with the correlation 
analysis conducted by Uyanik et al,14 which suggested that two kinds 
of analyzers have no strong correlation regarding test results. This 
may be explained by the small sample size they used since establish-
ing a linear model is very sensitive to sample size.

For the glucose level measurements, we employed the hex-
okinase method, which is widely recommended worldwide.15 
Compared with the results obtained from the chemistry analyzer, 
the blood gas analyzer consistently demonstrated significant reduc-
tions. The deviation between the two methods can be explained 

from two perspectives: the methodology and the preanalytical 
process. The blood gas analyzer, as previously mentioned, uses an 
enzyme electrode combined with glucose oxidase to measure glu-
cose levels. In other words, this method is based on the interaction 
between glucose oxidase and glucose.16 This method, however, has 
several deficits that need to be noted. A wide range of substances 
in human blood samples can interact with H2O2 and consequently 
inhibit chromogenic reactions, including high levels of vitamin C, 
creatine, bilirubin,17 and uric acid.18 However, we carefully com-
pared the glucose difference in arterial blood samples between 
subjects with high levels of vitamin C, creatine, bilirubin, and uric 
acid and those with normal levels, and the results showed that the 
glucose differences were not significantly different between these 
groups (see Table S1). Apart from the interferences of this particu-
lar method, red blood cells would consume glucose if the sample is 
placed at room temperature for a long period of time. However, the 
reduction we observed in the present study is unlikely to be caused 
by these reasons because we initiated the analysis as soon as we 
received the samples. In addition, we compared the glucose differ-
ences between patients with reduced levels of red blood cells and 
patients with normal levels of red blood cells, and the results were 
not significant (see Table S2). The bias for glucose in our analysis is 
similar to the study that employed analyzers of the same brands that 
we used, suggesting that blood gas analyzers tend to underestimate 
the glucose level.14 Nevertheless, controversy remains regarding 
whether blood gas analyzers underestimate glucose levels. A study 
involving 31 060 patients indicated an opposite trend.19 The incon-
sistency between our study and this large-scale study is possibly 
because the latter one compared the data simply collected from a 
laboratory information system instead of testing the same samples 
by using two methods simultaneously, which would include many 
confounding factors in the comparison.

According to the results of the diagnostic performance evalua-
tion, we found inconsistency in every parameter we investigated. It 
is worth noting that patients who are subject to BGA are normally 
critical. With our study participants, for example, most were hos-
pitalized due to respiratory and cardiovascular diseases and renal 
failure. Therefore, it is of critical importance to rectify the acid-base 
imbalance. However, our data showed that a number of participants 
would be misclassified due to the inconsistency between the two 
kinds of analyzers. If the corresponding treatment, such as calcium 
gluconate, was not given to a patient with a high potassium level or 
this treatment was applied to a patient who actually did not have a 
high potassium level, the consequence would be lethal.

In conclusion, we intensively investigated the agreement of elec-
trolyte and glucose levels between blood gas analyzers and chem-
istry analyzers. All measurements were conducted simultaneously 
to eliminate confounding factors and to improve comparability. The 
results suggested that blood gas analyzers tend to present lower re-
sults when compared with chemistry analyzers, and inconsistency 
was observed if we applied the reference intervals to determine 
if the samples were normal. These findings suggested that the re-
sults from these two different kinds of analyzers cannot be used 
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interchangeably. Given the systematic underestimation, we found 
in blood gas analyzers, the reference interval should be adjusted 
accordingly.
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