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ABSTRACT

Background: A definite diagnosis should be made in the bovine practice field, however, it 
was difficult to perform laboratory analysis immediately. Currently, three types of portable 
blood gas analyzers are available in Korea.
Objectives: This study aimed to evaluate the correlations among these three analyzers.
Methods: Seventy-two plasma samples from Holstein-Friesian cows were used for blood gas 
analysis, and three instruments (EDAN i15 Vet, VETSCAN i-STAT, and EPOC) were operated 
simultaneously. Moreover, plasma calcium levels were compared between these portable 
analyzers and blood chemistry device, which is usually used in a laboratory environment. 
Pearson analysis was performed to confirm the correlation of each parameter produced with 
the three instruments and blood chemistry analyzer.
Results: As results, high correlation was observed in parameters of pH, pO2, potassium 
ion, ionized calcium, and glucose (p < 0.001, r > 0.7). In addition, pCO2 showed a moderate 
correlation among the three analyzers (p < 0.001, r > 0.5), and there was no correlation among all 
instruments for sodium ions. There was also a high correlation between ionized calcium from 
the three portable devices and total calcium from the biochemistry analyzer (p < 0.001, r > 0.9).
Conclusions: In conclusion, there was a high correlation between results from the three 
different blood gas analyzers used in the bovine clinical field in Korea. Thus, a consistent 
diagnosis can be made even with different equipment if the operator is aware of the strengths 
and weaknesses of each piece of equipment and operates it properly.
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INTRODUCTION

In bovine practice as in other animals, blood analysis can be used to diagnose several diseases 
or systemic conditions [1-4]. In peripartal dairy cows, hypocalcemia or hypophosphatemia 
after parturition can be diagnosed by measuring mineral levels such as calcium (Ca) in the 
blood [5,6]. Blood mineral balance is important in dairy cows, as blood Ca, phosphate, and 
magnesium levels can affect recovery and immunity during the postpartum period [1,2,5-7]. 
In addition, in calves suffering from diseases such as diarrhea, imbalances of electrolytes 
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and energy metabolites may be observed in blood analyses [8-11]. Diarrheas can cause loss of 
electrolytes and water from body fluids, which can lead to decreased milk intake and ataxia 
due to dehydration, metabolic acidosis, and decreased energy [8-11]. Therefore, an accurate 
diagnosis of the individual's condition and supplementation of electrolytes, minerals, and 
energy sources are not performed at the proper time, which may result in death [2,7-11].

For animals for which it is difficult to obtain an accurate history, a definitive diagnosis of the 
systemic state is essential for a successful treatment [8-10,12]. In particular, it is necessary 
to understand the overall physical condition through physical examination and blood 
analyses [4,8-10]. Currently, a variety of analytical equipment are being used in veterinary 
medicine, and rapid diagnosis and analyses of the patient’s condition have been performed 
[2,4,8,10,13,14]. Most of these analytical devices are used in a stable laboratory environment, 
and the use of portable analyzers in the field is rare than laboratory analysis [12,15]. However, 
in large animals, especially cattle, unlike companion animals, it is rare to bring patients to 
the veterinary hospital; therefore, it is necessary to perform a quick and accurate diagnosis 
in the clinical field [12,14]. Owing to these limits, portable blood gas analyzers have been 
actively used in the clinical field for cattle. Blood gas analyzers have been produced by 
various companies for blood gas analysis, and the range or unit of measurement may differ 
depending on the analyzer [12,13]. In addition, even with the same sample, there may be 
differences in analysis results depending on the analyzer, which may cause critical errors in 
the diagnosis [13]. Therefore, it was necessary to compare the results of each analyzers.

The purpose of this study was to compare the test results produced by three types of portable 
blood gas analyzers currently available in the bovine clinical field in Korea. In addition, 
plasma Ca levels were compared between these portable analyzers and blood chemistry 
device, which is usually used in a laboratory environment.

MATERIALS AND METHODS

This experiment was conducted after approval by the Institutional Animal Care Use 
Committee of Seoul National University (SNU-181105-3). In this study, 72 plasma samples 
from dairy cows from one farm were used for the analyses. Blood sampling was conducted 
in the jugular vein, and blood was dispensed into heparin tubes immediately after collection. 
Within 1 h after sampling, the plasma was separated by centrifugation at 2,000 × g for 15 min 
at room temperature and stored in a deep freezer at −70°C until the analysis. Three types of 
portable blood gas analyzers were used; EDAN i15 Vet (EDAN, Shenzhen, China), VETSCAN 
i-STAT (Abbott, USA) with a CG8+ cartridge, and EPOC blood gas analysis system (Epocal, 
Canada). All the three instruments were operated simultaneously at room temperature by 
a trained veterinarian. Among the results of each analyzer, correlation coefficients were 
determined only for measured parameters, such as pH, pCO2, pO2, potassium ions (K+), 
ionized calcium (iCa2+), sodium ions (Na+), and glucose. As three devices use the same 
formula for calculated parameters, such as base excess and bicarbonate, those data were 
not compared. The formula for bicarbonate and base excess is (log HCO3

− = pH + log pCO2

− 7.608) and (Base excess = HCO3
− − 24.8 + 16.2 × [pH − 7.4]), respectively. When the units 

of ions measured by each analyzer were different, the unit was converted to mM/l and 
compared. To compare with the iCa2+ of portable blood gas analyzers, total calcium (tCa) 
was analyzed using BS-400 (Mindray, China) as laboratory biochemistry equipment, and the 
correlation between tCa and iCa2+ was confirmed. Statistical analyses were performed using 
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SigmaPlot 14 (Systat Software Inc., USA). The Pearson method was used for the correlation 
analyses among the parameters.

RESULTS

Correlation analyses confirmed a significant correlation for all parameters among the three 
analyzers (Table 1). Significant positive correlations were confirmed for pH, K+, and iCa2+ 
(r = 0.884, r = 0.897, and r = 0.968, respectively) between i-STAT and EDAN. For these two 
analyzers, a positive correlation was observed between pO2, pCO2, and glucose (r = 0.746, r = 
0.655, and r = 0.798, respectively). Between i-STAT and EPOC, a strong positive correlation 
was confirmed in pH, K+, iCa2+, and glucose (r = 0.836, r = 0.905, r = 0.973, and r = 0.911, 
respectively), also a tendency of positive correlation was shown in pO2 and pCO2 (r = 0.716 
and r = 0.593). Between EDAN and EPOC, a strong positive correlation was observed for K+, 
iCa2+, and glucose (r = 0.944, r = 0.976, and r = 0.837, respectively), and a significant positive 
correlation was found in pH and pO2, (r = 0.784 and r = 0.721, respectively), although a 
tendency of positive correlation was found in pCO2 (r = 0.552). However, for Na+, there was no 
correlation among the three analyzers.

When the Ca results of the three portable blood gas analyzers and the laboratory chemistry 
equipment were compared, all blood gas analyzers showed a strong positive correlation with 
the laboratory analyzer (r = 0.937 for EDAN, r = 0.930 for EPOC, and r = 0.927 for i-STAT; 
Table 2).

https://doi.org/10.4142/jvs.22050
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Table 1. Results of the Pearson correlation analysis of parameters in blood analyses with three different portable blood gas analyzers
Blood analyses Parameter

pH pO2 pCO2 Na+ K+ iCa2+ Glucose
Comparison with EDAN and i-STAT

p value < 0.001* < 0.001* < 0.001* 0.233 < 0.001* < 0.001* < 0.001*
r value 0.884a 0.746b 0.655b −0.142 0.897a 0.968a 0.798b

Comparison with i-STAT and EPOC
p value < 0.001* < 0.001* < 0.001* 0.228 < 0.001* < 0.001* < 0.001*
r value 0.836a 0.716b 0.593c 0.144 0.905a 0.973a 0.911a

Comparison with EDAN and EPOC
p value < 0.001* < 0.001* < 0.001* < 0.05 < 0.001* < 0.001* < 0.001*
r value 0.784b 0.721b 0.552c 0.238 0.944a 0.976a 0.837a

The correlation was expressed with r value and p value.
pCO2, partial pressure of carbon dioxide; pO2, partial pressure of oxygen; Na+, sodium ion; K+, potassium ion; iCa2+, ionized calcium.
A significant positive correlation was represented with a0.08 < r; b0.06 < r < 0.08; c0.05 < r < 0.06; and *p < 0.001.

Table 2. The results of the Pearson correlation analysis of calcium of blood chemistry analysis with MINDRAY and 
ionized calcium with the three blood gas analyzers including EDAN, i-STAT, and EPOC
Device EDAN i-STAT EPOC
MINDRAY

r value 0.937a 0.917a 0.930a

p value < 0.001* < 0.001* < 0.001*
EDAN

r value 0.968a 0.976a

p value < 0.001* < 0.001*
i-STAT

r value 0.973a

p value < 0.001*

The correlation was expressed with r value and p value.
Significant positive correlations were represented with a0.08 < r and *p < 0.001.
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DISCUSSION

In this study, the results of the three devices currently used, mainly in clinical field 
environment, were compared. In general, blood gas analysis is mainly performed using whole 
blood, especially arterial blood, and the most accurate gas analysis results can be obtained 
[10,16]. However, in the farm animals such as cattle, restraint for collecting arterial blood 
can be inconvenient, and since previous studies have confirmed that the results of venous 
blood reflect those of arterial blood, we collected the blood samples from the jugular vein 
[10,11,17]. In addition, in actual clinical practice, whole blood without anticoagulant is used 
for blood gas analysis, but in order to compare the three devices under the same conditions 
we used the plasma samples. This is for the exclusion of blood clotting and hemolysis which 
may occur until the test proceeds. To prevent the prospect of any errors during the analysis 
process on the analysis and to eliminate differences depending on the environment, the 
plasma sample was simultaneously loaded to compare the three analyzers [18].

The main purpose of this experiment was to confirm the correlation between the parameters 
of each analyzer. The correlation of the results between whole blood and plasma was 
confirmed in previous analyses, the plasma pH was approximately 0.2 higher than that of 
whole blood, and there were no significant differences in electrolytes and glucose between 
plasma and whole blood [17]. As a result of this experiment, the blood pH and pO2 showed 
a high correlation between the three analyzers (p < 0.001, r > 0.7), and pCO2 also showed a 
correlation coefficient greater than 0.5. Thus, it can be estimated that even if three devices 
are used for blood gas analysis, it may not cause a major error in the diagnosis of the acid-
base balance. In electrolyte analyses, K+ showed a high correlation between the three 
analyzers (p < 0.001, r > 0.8), but there was no correlation in Na+. However, the effect of 
this result on the diagnosis seems negligible, because the value of Na+ in all the devices was 
within the normal range.

The number of cartridges used for 72 samples in this study were 78, 72, and 76 in EDAN, 
i-STAT, and EPOC, respectively. The cartridge failure rates of the three blood gas analyzers were 
high in the order of EDAN, EPOC, and i-STAT (7.69%, 5.26%, and 0.00%, respectively). This 
difference in failure rate appears under the same analysis conditions, which is presumed to 
be due to the difference in the amount of sample required and the method of sample loading 
into the cartridge. While i-STAT and EPOC required a sample volume of approximately 95 
μL, the sample volume for EDAN was 140 μL. Unlike the two devices in which an operator 
dispenses a sample into the cartridge, the operator inserts a syringe containing the sample 
into the cartridge, and the device automatically loads the sample in the analysis of the EDAN. 
It is estimated that fine air in the syringe may be mixed during this process, resulting in a high 
cartridge failure rate. In this study, a 1-mL syringe was used for sample injection because of the 
limitation of the sample amount. In the use of the 1-mL syringe, a difference can occur between 
the speed of sample loading and the speed of syringe plunger pulling, which results in more 
air in the syringe. In fact, when a 3-mL syringe was used, cartridge failure rarely occurred. 
Therefore, to prevent cartridge failure, it is necessary to consider the type of syringe used for 
sampling in EDAN analysis. In addition, the sample in the syringe was injected and covered by 
the cap of the cartridge in i-STAT, whereas the sample was injected with a syringe and analyzed 
without the cover in EPOC. It is estimated that exposure to air during the analysis also affects 
the cartridge failure rate. Although it was operated at room temperature in this study, it is 
empirically known that low and high temperatures affect the failure rate. The proper operating 
temperature of the three devices is 10°C–31°C for EDAN, 16°C–30°C for i-STAT, and 15°C–30°C 
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for EPOC. EDAN has the widest operating temperature range; however, the influence of the 
operating temperature was not tested in this study.

Three devices have slightly different in general characteristics, such as weight and temperature 
for storage. The cartridge of EPOC can be stored at room temperature, but i-STAT and EDAN 
have a disadvantage in that the cartridge should be stored in a refrigerator and brought out 
at room temperature before analysis. In addition, EPOC had the most parameters that could 
be tested with one type of cartridge, while EDAN had the fewest. There are eight types of 
cartridges for i-STAT, and it can be cumbersome to select and analyze a cartridge depending on 
the inspection target or parameter. Considering that all three analyzers are portable, the weight 
is also an important factor among the equipment specifications. The analyzer weight was the 
lightest for i-STAT at approximately 650 g, followed by EPOC at approximately 750 g, and EDAN 
at 3,650 g for the heaviest. It is estimated that EDAN is the heaviest because the analytic part 
and printer are integrated, unlike the other two analyzers. Therefore, veterinarians need to 
decide which analyzer is most suitable for use in the field condition, considering the various 
advantages and disadvantages of each analyzer.

Recently, a comparison of Ca measurements using the analyzer in the field and laboratory 
analysis equipment has been performed in several studies [2,4,14,15]. It is presumed that 
many studies on Ca have been conducted mainly because the level of blood Ca in cattle has 
an enormous influence on various diseases, conditions, productivity, and disease prognosis 
[2,6,15]. Therefore, in this study, a comparison among the three portable blood gas 
analyzers was performed, as well as between the on-site blood gas analyzer and laboratory 
blood chemistry equipment for blood Ca level measurement. In general, for the diagnosis 
of hypocalcemia, blood Ca concentration measured with laboratory chemistry equipment 
is used as a standard. Accordingly, 10 plasma samples diagnosed as hypocalcemia with 
laboratory analyzer (tCa level in blood ≤ 1.9 mM/L) were included in this experiment, to 
measure various levels of Ca [7]. These 10 samples showed diagnostic levels of hypocalcemia 
in three blood gas analyzers (iCa2+ level in blood ≤ 0.9 mM/L), and through this, we 
confirmed that the blood gas analyzers can be used as a diagnosis for Ca disorder. Compared 
to the laboratory analysis equipment, there was a high correlation with the point-of-care 
devices in the order of EDAN, EPOC, and i-STAT (p < 0.001, r = 0.937, r = 0.93, and r = 0.927, 
respectively). A high correlation was also observed among the three point-of-care devices 
(p < 0.001, r > 0.8). Although the laboratory analysis equipment measured tCa and the field 
analysis devices measured iCa2+, it is presumed to show a high correlation because generally 
50%–55% of tCa in the blood exists in the form of iCa2+ [3,15,16].

In conclusion, the three blood gas analyzers showed a significantly high correlation with 
most measured parameters. Based on these results, it can be concluded that a consistent 
diagnosis can be made even with different equipment when the operator is aware of the 
strengths and weaknesses of each piece of equipment and operates it properly.
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